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FOREWORD 


T IS reported that there exist in 


the world today approximately | 


25,000 reputable scientific jour- 

nals, devoted in whole or part to 
the publication of the results of research. 
In the face of such an overwhelming statis- 
tic it is entirely appropriate to raise the 
question: Why start another? As Tue 
Quarterty Review or Broxocy stands, at 
the moment, in the position of the latest 
addition to the already large population 
of scientific journals, there is an obliga- 
tion to make some statement as to its 
raison d'ttre. This obligation may fairly 
be judged a moral one, because, like all 
forms of population growth, that of 
scientific journalism shows definitely a 
tendency to approach a state of trouble- 
some saturation. It has already become 
a physical impossibility for any person, 
professional or lay, to read carefully and 
critically in its original form the whole of 
the published output of new results of 
research work in any general field of 
science, such as chemistry, physics, biol- 
ogy, etc., even if he attempted to do 
nothing else. The same thing is indeed 
true of all the special fields of science ex- 
cept the narrowest. 
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At the same time it is apparent to the 
philosophically minded person that one 
of the most significant trends of science in 
the twentieth century is its integrative 
tendency. No science is any longer 
regarded, by even the narrowest specialist, 
as sufficient to itself. Biology cannot ad- 
vance completely separated from physics, 
chemistry, and mathematics. The biolo- 
gist who expects to deal with his prob- 
lems in any degree of penetration, has got 
to know a good deal of these other sub- 
jects, and this knowledge in the long run 
has got to be something more than the 
elementary text book sort. Similarly, 
how far can an astronomer expect to get 
today without being a good deal of a 
physicist, or a physicist without being a 
mathematician, or a physiologist without 
being a chemist? This tendency may be 
interpreted to make a somewhat belated 
recognition on the part of Science that 
Nature is itself a highly integrated piece of 
business, of almost infinite complexity. 
When one starts to take it apart and put 
it together again, to the end of secing 
how it works, he will be simply showing 
ordinary common sense if he has in his 
working tool kit as many different kinds 
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of wrenches, chisels, hammers, yard- 
sticks, etc., as possible. 

These two tendencies, the ever-in- 
creasing output of highly technical results, 
on the one hand, and the ever-increasing 
necessity for the successful researcher to 
know a good deal about other fields of 
science than his own specialty, on the other 
hand, are patently antagonistic. Some- 
thing has got to be done to bring about an 
effective working compromise between 
them. One highly important step in this 
direction is the development of abstract 
journals. This development has reached a 
high pinnacle of success in this country in 
the field of chemistry, where, in Chemical 
Abstracts, we have a model journal of its 
type. There is every reason to hope and 
to believe that Biological Abstracts, under 
the aegis of the National Research Coun- 
cil, will be equally successful in its field. 

While abstract journals are a vital 
necessity to the progress of science, and 
are to be in every way encouraged and 
still further developed, they do not wholly 
solve the problem. There are two rea- 
sons why they do not. In the first place 
they tend themselves to become so large, 
in spite of every conceivable mechanical 
condensation in the way of abbreviation 
and the like, that no one can read them 
in toto. In the second place, in spite of 
the cleverest classification, arrangement, 
and indexing of the material, abstract 
journals necessarily lack in significant 
degree the qualities of coérdination and 
integration. They present to the en- 
quiring reader a vast assemblage of trees 


- but no adequate picture of the forest. 


But it is precisely picture maps of the 
various developing fores's of science that 
we most need if we are not to go wholly 
mad, and see our civilization perish be- 
cause all the persons capable, by genetic 
endowment, of leading it, are confined 
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in asylums as the result of a hopeless 
confusion of ideas. 

Tue Quarterty Review or Bioxoey, 
with becoming modesty but nevertheless 
courageous mien, steps forward to do its 
bit towards postponing or perhaps alto- 
gether averting such a devastating catas- J 
trophe. It will offer to the reader 
authoritative and comprehensive reviews 
of the present state of knowledge in the 
different fields of general biology. The 
articles will be written by special- 
ists, who alone are capable of giving 
accurate, balanced and critical summaries 
of the present position in various lines of 
inquiry. The first function of Tm 
QuartTerty Review or Biotocy will be 
to help the man of science, whether 
biologist, chemist, astronomer, or devotee 
of any other Fach, to keep soundly oriented 
as to the general progress of biology. 

It is hoped that it may also serve use- 
fully another group of readers. There is 
a marked recrudescence just now of the 
age-old warfare between religion and 
science. Some of our scientific confrins 
appear either to have forgotten, or never 
to have grasped, the significance of the 
length and bitterness of the struggle which 
finally freed the human mind from the 
shackles imposed and maintained through 
centuries by organized religion. They go 
about plaintively bleating that there 
no conflict between science and religion, 
to the great joy of the shrewder Funda 
mentalists, who perceive at once the 
enormous aid which such views will be to 
them in their work of forging again the 
fetters from which Huxley finally freed 
human-kind. The plain fact, of cours, 
is that there can never be any real com 
promise between science and mysticism, 
between the real and the supernatural, 
between light and darkness, between th 
demonstrable, verifiable truth which 
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makes us free and ancient superstitions 
grounded in phallic folk-lore. 

The experience of centuries indicates 
that there is only one way effectively to 
meet the menace of Fundamentalism, 
which in a real sense threatens the con- 
tinuance of those elements in our civiliza- 
tion which every intelligent man holds 
dear. It is oy the diffusion of scientific 
knowledge. Man's emancipation from 
the domination of priesthoods of one 
brand or another has been in precise pro- 
portion to the depth and breadth of the 
understanding of nature which science 
has given him. We hope that Tue 
Quarterty Revigew or BioLtocy may 
help in the diffusion of a sound knowl- 


edge about biological matters among in-° 


telligent men and women who are not 
professionally scientific workers. No at- 


tempt will be made to attain this end by 
the method of writing down to the sup- 
posed intellectual level of a lay audience. 
Popular scientific writing which takes as 
its target a mental age of about ten, is, we 
believe, quite as nauseating to intelligent 
lay readers as it is to men of science. 
But we think that there exists in this 
country a fairly numerous body of culti- 
vated men and women who are genuinely 
interested in knowing about the progress 
which biology is making, and quite as 
capable of understanding a clearly written 
and logically ordered presentation of it, 
as is the average physicist or chemist, or 
indeed the specialist in biology itself 
who cultivates a field remote from the 
particular one under discussion. To this 
group also we offer Tae Quarterty Re- 
view or Biorocy. 


RayMonpD Pzgart. 
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N DEALING with some phases of 
the biology of the mammalian 
testis a limited discussion may 
follow two major lines of inter- 

est: (1) a consideration of certain in- 
fluences on the germinal portion of the 
organ—spermatogenesis—and (2) a brief 
discussion of the testis as an organ of in- 
ternal secretion. The products of these 
two testicular functions have at times 
been referred to respectively as the exter- 
nal and internal secretions; the study of 
spermatogenesis is the older and perhaps 
better understood of the two, but recent 
study has largely concerned itself with 
internal secretions, almost to the exclusion 
of the primary function of germ cell 
production. We shall consider first some 
of the general conditions that influence the 
production of germ cells, particularly the 
functional significance of the scrotum; 
secondly, the internal secretory function 
will receive our attention. 


I. GENERAL CONSIDERATIONS 


The testes of most mammals are located 
outside the body cavity in a pouch, or 
scrotum, embryologically a derivative of 
the peritoneal cavity. A duct, the ductus 
(vas) deferens leads away from the 
epididymis to convey spermatozoa to the 
exterior. Embryologically, the testes a- 
rise from the genital ridge of the urino- 
genital fold high up in the body cavity 
(2) (6), and are fundamentally, therefore, 
organs of the abdomen; they remain so in 
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all vertebrate classes except mammalia. 
In this group a new condition has made 
its appearance in that the testes, though 
arising near the kidneys, become pro- 
gressively displaced posteriorly and in the 
majority come finally to be located in the 
scrotum (before birth in man). In some 
mammals (rodents, etc.) the pathway of 
descent remains open throughout life, 
but in man and most mammals the 
inguinal canals become closed. 

The factors involved in the backward 
regression of the testis, both phylogeneti- 
cally and ontogenetically, are not entirely 
clear. Embryologically a cordlike liga- 
ment, the gubernaculum (Hunter), exists 
between the developing testis and the 
anterior abdominal wall, and it is sup- 
posed by some anatomists (42) that 
muscular fibers of the gubernaculum exert 
a continuous pull on the testes toward the 
anterior abdominal wall while others (6) 
believe that the principle of unequal 
growth of the body in comparison with 
the fibrous cord will explain the back- 
ward regression of the testis in ontogenetic 
development. 

Too little attention, perl..ps, has been 
given to the exceptional formation of the 
scrotum in mammals. Its significance or 
function has been lightly touched until 
recently and a few enlightening facts 
may give us a new conception of this 
relatively recently acquired structure. 
Herbert Spencer (173) in discussing the 
general principles of biology speaks of the 
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peculiar condition found in mammals in 
the following terms: 

But now let it be confessed that all phenomena of 
organic evolution must fall within the lines above 
indicated, there remain many unsolved problems. 
Take as an instance the descent of the testes in mam- 
malia. Neither direct or indirect equilibration ac- 
counts for this. We cannot consider it an adaptive 
change, since there seems no way in which the pro- 
duction of sperm cells, internally carried on in the 
bird, is made external by adjustment to the changed 
requirements of mammalian life. Nor can we 
ascribe it to survival of the fittest; for it is incredible 
that any mammal was ever advantaged in the struggle 
for life by this changed position of these organs. 
Contrariwise the removal of them from a place of 
safety te a place of danger would seem to be negatived 
by natural selection. Nor can we regard the trans- 
position as a concomitant of re-equilibration since 
it can hardly be due to some change in the general 
physiological balance (page 575). 


The monotremes, most edentates, sire- 
nians, cetaceans, some proboscidians, and 
seals among carnivores possess complete or 
nearly complete abdominal testes (209). 
In many edentates and rodents the testes 
may be abdominal for the majority of the 
year but temporarily descend during the 
breeding period; this is essentially true in 
the Chiroptera. The majority of ungu- 
lates, carnivores, and all primates have a 
scrotum, and closure of the inguinal 
canals separates the testes from = the 
abdomen. In seasonal breeding animals 
the testes are usually abdominal until 
the approach of rut when the testes be- 
come enlarged and reside in the scrotum. 

In general it appears that an evolution 
of the scrotal conditon has occurred and 
Wiederscheim (209) states “‘originally, 
the descent of the testes did not occur until 
sexual maturity in all cases, but in many 
mammals (e.g., marsupials, ungulates, 
carnivores, primates) the process has grad- 
ually become shifted backward onto- 
genetically to earlier periods, so that the 
formation of the scrotum takes place 
independently in the embryo in the form 


of the external genital folds... . .” 
Cunningham (43) discussing its occur- 
rence, evolution and significance remarks 
“Various causes have been suggested for 
the formation of the scrotum, but no one 
has even been able to suggest a use for it. 
It has always been quite impossible to 
bring it within the scope of the theory of 
natural selection. The evolution of it 
can only be explained either on the theory 
of mutation or some Lamarckian hypothe- 
sis’ (page 147). In his further re- 
marks Cunningham removes it from the 
possibility of having arisen through muta- 
tion and supports the Lamarckian hypoth- 
esis put forward by Woodland (212) in 
1903. Woodland states 


I hold that, in the majority of the mammalia, the 
testis attachment has throughout the history of the 
race been constantly subjected to severe strains con- 
sequent on the character and conditions of mammalian 
locomotion, and that on account of the resulting 
disruption or distention of the mesorchium, the testis 
has migrated in a posterio-ventral line (i.ec., in an 
opposite direction to the forward and upward ac- 
celerations imparted) coming to lie at the terminal 
periphery of the body wall and forming the scrotal 
protrusion. Just as when a man runs, a weight in his 
coat-pocket will periodically drag and ultimately 
wear a hole in the lining by constant distention, so 
the testis of mammals has responded to like forces 
resulting in descent (page 325). 


Speculations on the mechanistic proced- 
ures and forces employed, are perhaps less 
fruitful than have been some of the more 
recent enquiries into its possible function, 
since the former conception is excluded 
from, but the latter aspect subject to, 
experimental analyses. Can we therefore 
offer any approach to a functional analysis 
of this structure which Cunningham 
stated a few years ago had never been 
attempted? 

Recent work in this laboratory (121, 
122, 123, 125, 128, 131) we believe has 
proved that in the higher mammals the 
scrotum is a structure whose function is the 
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maintenance of proper temperatures for the 
testes to carry on the differentiation of germ 
cells; it is an essential thermoregulator 
for the testes and higher mammals are 
incapable of producing spermatozoa with- 
out such a regulatory control provided by 
the scrotum. For descriptive purposes a 
bit of general histology is necessary. 
Figure 1 is a portion of a cross section 
through a rabbit testis; though used for 
an experiment it shows normal semi- 
niferous tubules in cross section. The 
germinal epithelium composed of spermato- 


Fic. 1. Sscrion Center or Rassir Testis 
Six Montus Arrsr Vasorication (Lerr 


Txstis or Ficurg 6, B) 
st, normal seminiferous tubules; ##, interstitial 
tissue 


gonia, spermatocytes, spermatids and sper- 
matozoa represents a typical condition 
for all mammals; spermatozoa may be 
seen projecting into the lumen of the 
tubules. Between the seminiferous tu- 
bules can be seen a small amount of con- 
nective tissue among which are a few 
larger cells; these are the interstitial cells 
or cells of Leydig (86) considered by 
many workers as the source of the internal 
secretion of the testis. These will be 


considered more in detail in section IX. 
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Tl. CRYPTORCHIDISM 


Sometimes the testes of man and higher 
mammals are not to be found in their nor- 
mal scrotal position; having failed to 
descend they may be located in the 
abdomen or in the inguinal canal and are 
hidden or cryptorchid (for structural 
condition see figs. 4and 5). Thecondition 
has long been known but the oldest ac- 
count to which I have made reference is 
that of John Hunter, that very keen 
anatomist of the 18th century. Hunter 
(75) in a lecture given in 1756 discussed 
the site of origin of the testis of mammals 
in the abdomen, and the gradual descent 
of these into the scrotum in the human 
foetus at about the eighth month of foetal 
life. He realized the occasional imper- 
fection due to failure of descent. ‘‘Some- 
times in the human body, and in many 
other animals, and very often in sheep, the 
testes do not descend from the cavity of 
the abdomen till late in life, or never at 
all."" He suspected that the cause for this 
failure to descend ‘“‘Originates in the 
testicles themselves.’’ Their condition 
was also partly appreciated for ‘““When 
one or both testicles remain through life 
in the belly, I believe that they are ex- 
ceedingly imperfect, and probably in- 
capable of performing their natural func- 
tions, and that this imperfection prevents 
the disposition for descent from taking 
place” (page 56). 

Goubaux and Follin (57) studying 
testes retained in the abdomen in man, 
sheep, horse, pig and dog stated that 
usually the abdominal testis was both less 
voluminous and lighter in weight than 
the scrotal testis on the opposite side. 
These writers stated that abdominal 
testes did not produce spermatozoa and 
that retention of both testes rendered an 
animal sterile. Godard (54) determined 
that seminal fluids from men with both 
testes retained in the abdomen did not 
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contain spermatozoa, nor did cadaver 
cryptorchid testes show spermatozoa. 
Monod and Arthaud (111) studying the 
abdominal testes removed from man were 
of the opinion that younger individuals 
retained a diminished capacity of produc- 
ing spermatozoa. Individuals of later 
life however were rendered sterile from 
traumatic influences and resulting sclero- 
sis of the organs. In the end all ectopic 
testes were, according to them, deprived 
of their spermatozoon producing capaci- 
ties. Griffiths (59) pointed out that 
testes of the dog and man retained in the 
abdomen or in the inguinal canal were 
degenerate so far as sperm production is 
concerned. In those testes located inter- 
mediate between the abdomen and scrotum 
the seminiferous tubules were devoid of 
germinal epithelium. He-emphasized the 
necessity for the testis to completely 
descend into the bottom of the scrotum 
before they can carry on their gameto- 
genetic function. Regaud and Policard 
(149) called attention to the lack of 
germinal tissue in the undescended testis 
of the pig and mention particularly the 
considerable apparent increase in intersti- 
tial tissue. 

Some of the most exhaustive work on 
undescended testes in the human is that of 
Felizet and Branca (45, 46). These in- 
vestigators studied a series of abdominal 
testes from six year old boys to adults 
and point out that seminiferous tubules 
are the characteristically affected portions 
of the gland, the epididymis remaining 
normal in structure. In ectopic testes 
removed from a preadolescent individual 
the single layered undifferentiated germi- 
nal epithelium differed but little from that 
of similar aged normal testes. As the 
period for the differentiation of spermato- 
gonia, spermatocytes and spermatids ap- 
proaches, degeneration follows and the 
epithelium never reaches the completely 


differentiated stage. Whereas later writ- 
ers, and some earlier ones, believed 
cryptorchid tests at puberty did reach and 
maintain spermatozoon differentiation for 
a short time, Felizet and Branca were 
unable to find a single case among the 
fifty-one studied where this appeared 
true. Of this number they report sixteen 
cases with spermatogonia present; twelve 
cases with differentiation to the spermato- 
cyte stage, and only two cases, of the 
fifty-one, showing spermatids: no cases 
with spermatozoa present were found. 
The interstitial tissue was usually more 
abundant in normal testes but the num- 
ber of Leydig cells varied considerably. 
Bouin and Ancel (22) studied ectopic 
testes of the boar and dog and noted in all 
cases that the seminiferous tubules were 
smaller in caliber, and contained only the 
cells of Sertoli; the interstitial cells were 
usually abundant. Corner (40) studied 
histologically sixteen cases of ectopic 
testes removed from man but did not find 
evidences of spermatogenesis in any case. 
Whitehead (205) similarly found that 
an undescended testis of the horse was 
degenerate so far as the germinal tissue is 
concerned. Hanes (65) studied fifty-six 
undescended testes from the pig, seven 
from the sheep, and six from man. He 
states that in no Case was spermatogenesis 
in progress and the tubules contained only 
Sertoli cells; the intertubular spaces were 
well filled with masses of Leydig cells. 
Bland-Sutton (20) studied histologically 
the ectopic testes removed in the course of 
twenty-five years surgical work (number 
not given) and mentioned that only one 
contained spermatozoa. He believes that 
ectopic testes develop to their normal 
differentiated condition at puberty and 
retain the capacity to produce germ cells 
for a year or two. His opinion however, 
receives but ‘ittle support from the studies 
of most investigators but it may be men- 
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tioned here that Moore (122) studying 
experimental displacement of the guinea 
pig testis found that such an organ re- 
tained in the inguinal canal with one 
pole projecting into the upper portion of 
the scrotum might produce normal germ 
cells in one part and not in another. It is 
possible that the single case bearing 
spermatozoa reported by Bland-Sutton 
was a low inguinal canal retention instead 
of an abdominal one. Goddard (55) 
studied five cases of the retained testis 
removed from men 19 to 25 years and in no 
case was there any indication of spermato- 
genesis, though the interstitial cells were 
well preserved and apparently present in 
an overabundance. 

What to do with an undescended testis 
is a problem that ever confronts the sur- 
geon, and because the fundamental condi- 
tions of the gland and its potentialities 
have not been understood there have been 
many opinions voiced and different pro- 
cedures employed. Even in Hunter's 
period (1756), and purely on philosophical 
grounds, he argued that nature should be 
assisted in all ways possible to bring the 
testis into its normal locality in the scro- 
tum. Later the idea that an ectopic 
testis is decidedly prone to develop 
neoplasms and metastasize became more 
or less prevalent and tended to encourage 
removal of such organs. The knowledge 
that an ectopic testis can still exert its 
internal secretory function, however, has 
led many to remove the organ from the 
inguinal canal, in order to cure or lessen 
the tendency to hernial formation, and 
allow it to remain in the abdomen. Thus 
Corner in 1904 reviews the general ques- 
tion of the value of an incompletely 
descended organ and recommends replac- 
ing it in the abdomen. He believes it 
useless to attempt a scrotal return and 
considers the testis of no use except as an 
organ to produce sex hormones. Bland- 


Sutton likewise, believing the ectopic 
organ useless, exercises but little care in its 
preservation. He and others, believe the 
organ was retained in the abdomen because 
it was intrinsically defective. Keyes and 
MacKenzie (78) on the other hand advise 
an operation to place the undescended 
testis in its normal scrotal position before 
the stage of puberty, thinking, evidently, 
that a mere possibility remained for it 
to develop into a functional condition. 
Bevan (18) describes a technic for restoring 
the ectopic testis to its position in the 
scrotum and advises this operation. 

The advocacy of the operation on the 
human individual, however, is from the 
very nature of the case difficult to deter- 
mine. Furthermore since the real fun- 
damental condition of, or the potentiali- 
ties of, an abdominal testis have not been 
understood a rational basis for procedures 
has not been clearly indicated. The 
question of why a testis is found in the 
condition of degeneration in over ninety- 
nine per cent of all reported cases should 
be settled. Of necessity this involves 
animal experimentation and it is from this 
field that many new facts have been de- 
rived. 

Up to about the year 1890 three different 
conceptions had been advanced to explain 
the condition of naturally occurring crypt- 
orchid testes: (a) It was believed by some 
that the abnormal condition was due to an 
imperfect embryological development and 
that its structure rested primarily upon 
the faulty formation of the organ. (b) 
Some authors held that early development 
was normal, but differentiation of the 
germinal products failed to pass beyond an 
embryonic stage of the germinal epithe- 
lium. (c) Others believed that the testes 
acquired the capacity to produce sperma- 
tozoa, retaining same for a year or so, but 
on account of the abnormal position oc- 
cupied regression takes place and leaves 
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the organ deprived of its germinal 
tissue. 

The English anatomist Joseph Griffiths 
(58) is to my knowledge the first individ- 
ual to attempt a solution of the problem 
by experiment. In 1893, working with 
the dog, he demonstrated that a testicle 
of a puppy that had descended normally 
into the scrotum would never produce 
spermatozoa if it was returned to the 
abdomen by an operation, despite the 
fact that its vas deferens, blood supply and 
nerve connections were entirely normal. 
Such a testis developed but little farther 
than the embryonicstage of differentiation; 
the opposite scrotal testis differentiated 
normally. The testis of an adult dog, 
actively producing spermatozoa, would 
within a few months after having been 
replaced within the abdomen, show a con- 
dition similar in all respects to abdominal 
testes; all the germinal tissue vanished and 
only the single layer of Sertoli cells re- 
mained. He proved therefore that the struc- 
tural condition of an ectopic testis was not 
due to any inherent defect within the organ 
but was a function of its abnormal environ- 
ment. Some influence from its location 
was responsible for its condition and he 
speculates at some length on the situation. 
“What, then, can be the reason that in 
some, a limited number of animals, the 
scrotal position is essential to structure 
and function? . . . . can it be that the 
very turbulence of this region is requisite 
for its perfect development and the 
maintenance of its functions in certain 
animals? . . . . So far as I am aware, 
no satisfactory answer has ever been 
offered to this most interesting question” 
(pp. 496-497). Though not able to 
determine the active influences brought to 
bear upon the testis in its. abnormal loca- 
tion Griffiths’ tendency was distinctly 
directed to the scrotal relationships as a 
solution. He emphasized the necessity of 


the testis descending completely to the 
bottom of the scrotum before it could exer- 
cise its normal functions, and furthermore 
compared the condition of the testis of 
seasonal hibernating mammals with the 
abdominally retained testis of scrotal 
animals. 

The Danish investigator Knud Sand 
(160) utilized the method of Griffiths in 
replacing the normally descended and 
actively functioning adult testes of rats 
and guinea pigs into the abdomen. 
His study, however, did not advance our 
knowledge of the problem of the degener- 
ate testis when it is located in a strange 
environment, for his chief interest lay in 
the behavior of the interstitial tissue 
which he believes becomes greatly in- 
creased. He confirmed Griffiths’ state- 
ments that normally functioning adult 
testes when replaced in the abdomen are 
converted into typical ectopic testes with- 
in a few months; the germinal epithelium 
that was actively producing germ cells 
at the time of elevation had all disap- 
peared within the course of three months 
with only the single layer of Sertoli cells 
remaining. 

This problem along with many others 
was being studied in this laboratory ia 
1921 (Moore 118). An attempt was being 
made to determine the real causes of the 
degeneration of the testis when placed in 
the abdomen. By experiment such possi- 
bilities had been eliminated as infection, 
physical connections with some part of the 
scrotum, abnormal pressures, and disturb- 
ance of blood or nerve supply and it 
was stated that a differential body tem- 
perature was probably the causal factor 
in degeneration; experiments testing this 
hypothesis, though under way, were 
incomplete. 

Crew (41) purely on hypothetical 
grounds suggested that the cause of the 
lack of spermatozoa in the imperfectly 
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descended testis might be due to a higher 
temperature in the abdomen than in the 
scrotum, considering that it was this 
higher temperature that might be respon- 
sible for the non-appearance of an active 
epithelium. He thus was the first with a 
suggestion that has proven in our labora- 
tory to be the causal factor in the struc- 
tural condition of a testis either never 
having descended from the abdomen, or 
having descended and accomplished its 
complete differentiation reverts to the 
typical ectopic type when by experiment 
it is returned to the abdomen. 

Moore (122) reporting more in detail 


on the observations made with experi- 
mentally produced cryptorchid testes 
found that a normal adult functioning 
testis of the guinea pig shows decided 
degeneration of the germinal epithelium 
within six days after being elevated from 
the scrotum to the abdomen (see fig. 2). 
This degeneration is noticeable from the 
fact that the seminiferous tubules are 
disorganized, and many loosened cells 
occupy the lumen filling the latter with 
discrete cells some of which are normal 
and others fragmented; a considerable 


Fro. 2. or Aputt Guinea-pic Tastis Saowinc Decsnsration Seven Days Arrsr 
ExgevaTion To ABDOMEN 


ep, degenerate epithelial wall; it, interstitial tissue; st, seminiferous tubules with degenerating cells in lumen 


number of tubules contain only degenerate 
cells and a mass of debris. Somewhat 
later than the sixth day after elevation 
the tubules may have sloughed the major 
portion of the germinal epithelium and the 
remaining cells may have coalesced into 
multinucleate protoplasmic masses or 
“Giant Cells’’ (see fig. 3). By twenty 
days practically all the former active 
germinal epithelium was absent; Sertoli 
cells and a few spermatogonia remained. 
The interstitial cell mass appeared pro- 
gressively more conspicuous, but the 
significance of these will be dealt with 
more in detail in section IX. 


So long as the testis remained in the 
abdomen it continued degenerate; fol- 
lowed for longer than a year the organ as 
a whole progressively diminishes in size 
and the seminiferous tubules shrink to 
one-fourth or one-fifth their normal diam- 
eter. If, however, the testis in a partial 
descent into the scrotum was held within 
the inguinal canal with its lowermost end 
projecting into the upper portion of the 
scrotum there might be found one portion 
in which the tubules could still carry on 
their gametogenetic function, though ap- 
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parently in a diminished capacity, while 
another portion located more closely to 
the interior of the abdomen was entirely 
degenerate. 

It was desirable to learn more of the 
potentialities, of such a degenerate testis, 
and to determine if it retained the capa- 
bility of regenerating into a normal func- 
tioning gland. Moore determined that 
recovery did occur if the testis was re- 
placed in the scrotum. Twenty-four days 


Fic. 3. Tusuzzs or Aputt Guinea-ric Tzstis Con- 
FINED TO ABDOMEN THIRTEEN Days 


'§, multinucleate giant cells formed from coalescing 
germinal cells 


abdominal retention reduced seminiferous 
tubules to a single layer of cells among 
which were a few spermatogonia; return 
of such testes to the scrotum led, within 
three months, to testes with normal 
tubules and quantities of spermatozoa. 
Thus it is seen that the testis must reside 
in the scrotum to be able to carry on its 
function of gametogenesis but the limits 
of degeneration with recovery still possi- 
ble have not yet been determined. 


It would appear therefore that the sur- 
geon should take especial care to see that 
ectopic testes are restored to their normal 
environment. Their degenerate condi- 
tion, while it may be so, is not necessarily 
due to faulty embryological formation. 
Davis (44) has recently enumerated as 
causes for lack of scrotal descent (1) de- 
fects in the mesorchium, (2) paralysis, ab- 
sence, or faulty insertion of the guber- 
naculum, (3) narrowness of the vaginal 


Fic. 4. From UnpEsCENDED 
or aN Aputt Doc 


process, or large size of the testicle, (4) 
shortness of the spermatic cord, (5) rudi- 
mentary or obliterated scrotum, and (6) 
premature obliteration of the inguinal 
canal. It seems probable that placing the 
testis in the scrotum by operation would 
lead to its normal development in such 
cases. Operation before puberty certainly 
carries many strong chances that a child 
with doubly undescended testes may be 
given the chance of acquiring his normal 
germ cell production capacity by a small 
operation, whereas without it there is no 
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chance of his acquiring this function. 
How long after puberty a testis returned 
by operation to the scrotum can regenerate 
into a normal organ has not yet been 
determined. 

In addition to studying experimental 
cryptorchidism in the guinea pig we have 
performed similar experiments on rats, 
rabbits and sheep. Thus Moore and 
Oslund (131) determined that a normal 
breeding ram testis removed from the 
scrotum and replaced in the abdomen sur- 
rounded by all its natural coverings, with 
blood supply, nerve connections and vas 
deferens in a normal condition, would be 


Ram Removep Scrotum To ABDOMEN FOR 
Taree Monrtss 


rapidly converted into a degenerate testis 
with a single layer of Sertoli cells in the 
seminiferous tubules (see figs. 4 and 5) 
Moore and Quick (129) obtained similar 
results in the rabbit. In the rat (Moore, 
details unpublished) degeneration follows 
in the testis, elevated and confined in the 
abdomen, but the degree of degeneration 
is by no means so pronounced as that in 
the guinea pig, sheep and rabbit. A rat 
testis confined to the abdomen for a period 
of six months is considerably degenerate 
and no tubules of a normal character can 
be found, but they are more nearly normal 
than a guinea pig testis similarly retained 


for fifteen days. It appears that the rat 


testis can tolerate greater ranges of tem- 
perature than can the guinea pig testis. 
This may be accounted for by supposing 
that the rat testis is not so dependent 
upon a finely graded regulation of its 
environment as is the testis of the guinea 
pig and consequently represents a lower 
grade of differentiation as regards the 
scrotum (see section V). 


Ill. VASECTOMY 


The problem of vasectomy, or vasot- 
omy, by which is meant the production 
of an interruption in the course of the 
ductus or vas deferens, has been one of the 
most confused problems relating to the 
testis. Popularized it is known as the 
Steinach operation for rejuvenation; it 
has served at the same time as a theme for 
popular fiction and in the hands of the 
surgeon as a supposed efficacious method of 
treatment for many ills of human individ- 
uals. 

One of the earlier observations on the 
effects of occluding the vas deferens is 
that of Sir Astley Cooper (39). He 
ligated one vas deferens in a dog, and on 
the opposite side ligated the artery and 
vein without interfering with the vas def- 
erens. The testis whose artery and vein 
were ligated ‘‘gangrened and sloughed.”’ 
Operated in 1823 the dog was kept 
until killed in 1829. During six years it 
was noted in coitus two separate times 
but no issue followed. Observed after 
killing, the testis with its epididymis was 
notably increased in size and the latter, 
with the short stub of appended vas 
deferens, was gorged with spermatozoa. 
Occlusion of the duct had been complete 
and the two ends of the severed duct were 
separate. This conclusive experiment 
showed without doubt that merely closing 
the outlet duct of the testis had no effect 


upon the germinal portion of the organ; 


‘ 
afte 
mu 
uct: 
hut 
the 
had 
enl; 
of 
fith 
tive 
duc 
Gri 
lost 
| 
occ. 
een 
Fic. 5. Ssmuvirerous Tusutss rrom Testis or ADULT fror 
teat 
gen 
of 
the 
A 
stuc 
con: 
and 
test 
men 
tozc 
| wer 
sex 
| hov 
the 


spermatogenesis continued for six years 
after operation and the epididymis became 
much enlarged to accommodate the prod- 
ucts of germinal cell activity. 

Gosselin (56) some years later dissected 
human cadavers and noted cases in which 
the vas deferens was entirely occluded, and 
had been undoubtedly for years, but the 
enlarged epididymis contained quantities 
of spermatozoa. Brissaud (29) and Grif- 
fiths (61) with rabbits and dogs respec- 
tively found that occlusion of the outlet 
duct had no influence on spermatogenesis. 
Griffiths (62) a year later, however, de- 
termined that testes of the dog rapidly 
lost the germinal portion if blood vessels 
passing to the testis were injured. Sim- 
monds (170) in human autopsies found 
occlusion of the vas deferens of years 
standing without any injury to the 
generative portion. Neither testicular 
degeneration nor loss of the germinal 
epithelium had occurred and the epididy- 
mis was enlarged from the immense 
amount of spermatozoa carried to it. 

Thus in man, dogs and rabbits it was 
well established by incontrovertible data 
before 1900 that blocking the outlet duct 
from the testis had no effect in causing the 
testis to become aspermatic. Gameto- 
genesis continued for years and quantities 
of spermatozoa were to be found in the 
epididymis and the proximal portion of 
the vas deferens. 

About 1903 when results on experimental 
studies of the testis became more numerous 
contrary results began to appear. Richon 
and Jeandelize (156) stated that rabbit 
testes, whose vas deferens had been experi- 
mentally occluded contained no sperma- 
tozoa, and that the seminiferous tubules 
were degenerate. The extensive study of 
sex glands conducted by Bouin and Ancel, 
however, was the chief factor in changing 
the tide of opinion relating to the effect 
of vas deferens occlusion. Summarizing 
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many of their different studies Bouin and 
Ancel declare that closing the outlet from 
the testis, by ligation and resection of a 
portion of the ductus deferens, invariably 
leads to degeneration of the germinal 
tissues of the testis. They worked with 
guinea pigs, dogs and rabbits, young and 
adult. According to their account liga- 
tion of the outlet duct before the stage of 
puberty does not interfere with the attain- 
ment of complete germ cell differentiation, 
but after this attainment the seminiferous 
tubules rapidly loose their lining epithe- 
lium and become converted into a testis 
entirely similar to the cryptorchid testes 
found in nature. They dismiss the con- 
trary findings of the earlier writers by as- 
suming an insufficient length of time after 
operation before the animals were killed. 
It should be remembered that Cooper's 
dog was not killed until six years after 
the operation for closure of the tube, and 
pathological occlusion in man had been 
present for years without testis degenera- 
tion. The question at issue is not whether 
Bouin and Ancel obtained degeneration of 
the germinal epithelium after vas deferens 
ligation, for undoubtedly they did; the 
real question is whether the degeneration 
they saw was due to the occlusion of the 
duct or whether factors not necessarily 
related to this operation are the real 
causes. 

Shattock and Seligman (169) performed 
double vasotomy on Herdwick rams, but 
despite the fact of double, complete vas 
deferens occlusion for eighteen months the 
testes were normal in size and spermato- 
genesis continued; the epididymis was 
much larger than normal due to the reten- 
tion of the products of spermatogenesis 
and consequent distension of the epididy- 
mis. They note that testes may be 
abnormal if the blood vessels had been 
included in the ligature of the vas 
deferens. 
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Wallace (198) reviews the results of vas 
deferens ligation in man. Sometime be- 
fore this period it was an accepted surgical 
practice, due to the suggestion of earlier 
workers, to ligate the sperm duct as a 
method of alleviating prostatic hyper- 
trophy. Favorable results had been re- 
ported in a great number of cases but Wal- 
lace remarks of these ‘‘When it is remem- 
bered how often cases of prostatic enlarge- 
ment are greatly improved by rest and 
treatment of the accompanying cystitis, it 
is an open question whether the results 
above set forth were not to a considerable 
measure due to such treatment."’ From 
the literature on sex it would appear that 
the implications of such a statement are 
too infrequently considered in clinical 
work. Wallace performed vasectomy on 
the cat and dog and found that the testes 
in such cases were perfectly normal 
many months later than Bouin and Ancel 
would imply was a sufficient time to 
expect degeneration. Wallace concludes 
that single or double vasectomy has no 
effect upon the gametogenetic function of 
the testis; it continued to produce sperma- 
tozoa months and years after total occlu- 
sion of both vas deferentia. 

Kuntz (80), on the dog, stated that 
thirty days after unilateral vasectomy the 
testis of the same side showed degenera- 
tion but also on the unoperated side as 
well. He conceived some influence oper- 
ating through the nervous system that 
caused degeneration on the opposite side. 
Later experiments (81) on both the dog 
and rabbit were reported in which practi- 
cally all animals showed testis degenera- 
tion as the result of vas ligation and resec- 
tion. Incontrol animals, however, Kuntz 
noted that the testes were likewise asper- 
matic and recognized that confinement 
and care of the animals was such that the 
unoperated tests were degenerate to about 
the same extent as those of experimental 


animals. He then withdrew his former 
suggestion that sympathetic nervous in- . 
fluences set up by one degenerating testis 
caused the degeneration of the opposite 
one, but he allowed the idea to stand that 
within a month after operation the 
degenerate testis shows the influence from 
ligation of the vas deferens. Certainly no 
great weight can be attached to such 
conclusions when admittedly control ani- 
mals do not show normal testes. - 

The greatest impetus to the, conception 
of testis degeneration following vas de- 
ferens occlusion since Bouin and Ancel is 
the striking and apparently conclusive 
work of Steinach (1910-1920) culminating 
in his suggestive work on rejuvenation 
(183). Reviewed more in detail in a later 
section it may be mentioned here that the ' 
conception of the origin of sex hormones, 
from interstitial cells, and the properties of 
these hormones in producing youthful 
qualities in animals are the basis for his 
now celebrated rejuvenation hypothesis. 
By ligation of the vas deferens in rats 
Steinach reported degeneration of the 
germinal epithelium accompanied by an 
hypertrophy of the interstitial cells—the 
hormone producing tissue; secondarily this 
stimulating hormone causes renewed germ 
cell production. Thus he believes that an 
animal so old as to have lost its germ cell 
production capacity is reinvigorated by a 
unilateral vas deferens ligation, and that 
the opposite testis following the stimula- 
tion begins to produce germ cells again and 
the animal returns to a functional condi- 
tion. Steinach believes that ligation be- 
tween the epididymis and the testis proper 
hastens the degeneration, and hyper- 
trophy of the interstitial tissue. The 
fallacy here again depends upon operative 
manipulation of the organs in question, 
and an absolute disregard of the very 
many perfectly conclusive experiments 
showing the testis to be unaffected by 
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merely binding or severing the vas 
deferens. This will be further emphasized 
below. 

Tiedje (190) follows Steinach in the 
belief of first a degeneration of the ger- 
minal epithelium then a regeneration after 
vasectomy. It should be pointed out, 
however, that neither Steinach nor Tiedje 
give substantial evidence to support their 
contentions. Wheelon (201), on dogs 
nine months after vas deferens occlusion, 
found that the testis contained all ele- 
ments of the germinal epithelium. He 
believes either that all the tissue did not 
degenerate or that there might possibly 
have been a regeneration. 

Sand (159) (161) (163) has studied the 
effects of vasectomy on the rat, guinea pig 
and dog, and has performed the opera- 
tion in clinical practice, reporting eighteen 
cases of such operations on the human 
individual. In the latter, however, Sand 
follows Steinach’s procedure and ligates 
between the epididymis and testis instead 
of merely occluding the duct. By this 
method he believes that the process of 
destruction of the germinal tissues is 
hastened. Sand (159) reported observa- 
tions on vasectomy in rabbits, guinea pigs, 
and rats, summarized in tables in his paper; 
out of fifteen operated cases, some of which 
were observed for longer than a year, two 
cases only showed degeneration. Despite 
the fact that thirteen of his own operated 
cases failed to show degeneration, as 
against two that did give such evidence, 
he yet states a confirmation of the work of 
Bouin and Ancel that vas deferens ligation 
causes degeneration of the germinal epithe- 
lium and proceeds to employ the operation 
on man. Brack (27) however has shown 
that congenital absence of the vas deferens 
in man is without effect on spermato- 
genesis. 

In this country Benjamin (12) has been 
perhaps the chief advocate of the Steinach 
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operation as applied to the human individ- 
ual. In such cases histological studies are 
lacking but accepting the Steinach idea as 
proper and due to follow, Benjamin 
restricts himself to the clinical effects 
manifest in the patient. Clinical results 
will be granted by most individuals as be- 
ing considerably conditioned by forced 
rest, good care, mental attitude, sugges- 
tion, and many other factors. And in 
view of the lack of proof of organic 
changes following this operation cer- 
tainly one’s credulity is stressed to the 
uttermost when it is maintained that the 
clinical results of this operation are 
alleviation of arthritis; lowering of blood 
pressure; reduction of prostrate (long ago 
definitely proven to be inefficacious); 
improvement of eyesight, and sclerosis of 
the inner ear; elimination of mental 
depression; improveraent of sex impulse; 
and general restoration of spirits. We are 
led to believe that vasoligation first 
improves thyroid activity, and outside of 
this it influences ‘‘those glands that are 
most prominent or delinquent in the pa- 
tients Constitution.”’ 

The enormous literature on this subject 
(some only, being here given) is seen to 
abound in positive and negative assertions 
without any attempt to find the funda- 
mental differences in technic or conditions 
that would in any way make the situation 
clear. Could we find an acceptable ex- 
planation to account for the cases of de- 
generation perhaps the entire findings 
would take on a different aspect and order 
be reéstablished out of chaos. When, as 
did Cooper almost one hundred years ago, 
we find that a testis whose vas deferens was 
completely severed and occluded so that 
all materials produced by it are confined to 
the testis, epididymis, and the attached 
portion of the vas deferens and that the 
testis, is entirely normal except for disten- 
tion of the epididymis with the seminal 
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products, then there appears to be no ques- 
tion whether ligation of the duct, of itself, 
produces degeneration of the germinal por- 
tion of the organ. Many things can be 
done to the testis that will cause it to loose 
its germinal epithelium in a very short 
time, for this organ is known to be a very 
labile one and to react to many unfavor- 


Fic. 6. or Two Aputt Raspit Testes 
A, testis on right, normal control: testis on left, 
vasoligation six months (note distended epidid- 
ymis, ¢). 
B, cestis on right, abdominal retention six months; 
testis on left vasoligation six months (section of left 
testis in B shown in figure 1). 


able conditions by loss of its germinal 
tissue. 

In 1919 the writer sought to produce 
degeneration of the testes and compensatory 
hypertrophy of the interstitial tissue by 
vas deferens ligation in order to compare 
these testes with testis grafts. in the 
rat and guinea pig, however, degeneration 


did not follow after operation (observa- 
tions unpublished). The problem was 
further investigated by Oslund, then a 
graduate student in this department, and 
the first rational interpretation was given 
to results obtained following vasectomy 
(134). Correlation of results obtained 
with those obtained by the writer on 
the effects of displacement of the testis 
in experimental cryptorchidism (see sec- 
tion II) focused attention on the posi- 
tion of the testis following vas deferens 
ligation. Oslund was able to correlate 
all cases of degeneration following vas 
deferens ligation with an abnormal 
position of the testis where this was 
definitely known. Further experiments 
checking absolutely the position of the 
testis after operation showed that in 
every case the testis was normal if it re- 
sided in its normal scrotal position, but 
if it was held by adhesions in the inguinal 
canal or in the lower abdomen it was 
degenerate; a similar degenerate condition, 
however, followed as quickly if the vas 
deferens was intact but the testis abnor- 
mally situated. It follows therefore that 
degeneration was not due to occlusion of 
the vas deferens but to an abnormal posi- 
tion of the testis. Oslund later (135) 
confirmed earlier writers that vasectomy 
does not affect the dog testis if the dogs 
are not confined to close quarters, and that 
degenerate testes are often found in dogs 
confined but which have had no operation. 
Moore and Oslund (131) likewise con- 
firmed earlier experiments on sheep vasec- 
tomy showing that the testes continued 
in active spermatogenesis months after 
complete occlusion of the sperm duct. 

In order to test the hypothesis of an 
early degeneration of the epithelium fol- 
lowed by regeneration in vasectomy cases, 
Moore and Quick (129) performed the 
operation on a series of rabbits, studying 
the testes at intet vals from thirteen days to 
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six months after operation. Spermato- 
genesis was normal after the operation 
and the retained products caused the 
epididymis to double or triple in size. 
Figure 6, A, shows the ligated testis of a 
rabbit in comparison with the normal one 
six months after vas deferens occlusion. 
One can readily see that the epididymis of 
the vas ligated testis is much larger than 
the normal. Figure 1, a section taken 
through the center of the testis shown in 
Figure 6, B (left), shows that the semini- 
ferous tubules are normal and actively 
producing germ cells; testes removed 
thirteen days after operation were normal. 
There was no evidence that would lead one 
to assume an earlier degeneration of the 
germinal epithelium followed by a re- 
generation. 

The enlargement of the epididymis 
tends to cause the testis to be elevated 
towards the neck of the inguinal canal and 
abdomen and on several occasions has been 
seen to result in the displacement of the 
testis into the abdomen. Because of the 
hypertrophied epididymis the testis some- 
times does not immediately return to the 
scrotum and it should be remembered that 
artificial displacement of the testis into 
the abdomen for a very short period causes 
it to degenerate. In one case, we noted 
abdominal retention and consequent de- 
generation at six months. It must be 
emphasized, however, that this degenera- 
tion was not due to vasectomy but to 
abdominal retention. In other cases 
where purposely the testis was confined 
to the abdomen it was degenerate thirteen 
days after operation, but this is all that 
could be expected when the effects of 
abdominal retention are borne in mind. 
Thus it is again shown that ligation of the 
ductus deferens does not of itself cause the 
testis to degenerate, nor have we in this 
laboratory ever seen a case of hypertrophy 
of the interstitial cells following this 


operation. Our studies involve more than 
a hundred vasoligations on rats and guinea 
pigs, twenty on rabbits, and four on sheep, 
with intervals of time from two weeks to 
longer than a year. , 

It should be emphasized that degenera- 
tion of the testis and the so called inter- 
stitial hypertrophy is the very basis upon 
which the idea of the efficacious measures 
of vas ligation are based and our experi- 
ments in this laboratory have been re- 
peated on the same animals utilized by the 
originators of this hypothesis. With such 
facts in mind how are we to account for 
degeneration reported by other investiga- 
tors? Emphasis should be placed upon 
the fact that the testis is an extremely 
labile organ and mariy apparent slight 
influences will cause its rapid degenera- 
tion. Mere confinement of the dog often 
leads to loss of germ cell production, 
which undoubtedly is temporary. 

Our point of error has been adequately - 
demonstrated by this laboratory, namely 
that of displacement of the testis from its 
normal scrotal position with consequent 
degeneration from experimental cryptor- 
chidism and not from vas deferens liga- 
tion. This is very prone to happen in 
animals whose testes have an open path- 
way from the scrotum to the abdomen, as 
the rat, rabbit, and guinea pig; and the 
majority of degenerations reported have 
come from this series of animals. Manip- 
ulation of the testis where trauma is in- 
volved often causes the testis to be re- 
tained partially or wholly in the abdomen. 
The effect of this has been known since 
Griffith's time but it is easily forgotten 
and neglected. It was so in this labora- 
tory, and only the first hand dealing with 
such operations coincident with vasec- 
tomy served to impress the fact sufficiently 
that slight displacements were to be 
taken seriously. No doubt a great num- 
ber of degenerations following vasectomy 
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are due to this factor. Operation on such 
animals should be done through the abdo- 
men where the vas can be ligated close to 
the testis without touching the testis or 
with drawing it from the scrotum; opera- 
tion though the scrotum itself should be 
rigorously avoided if uncomplicated con- 
ditions are desired. Even with a clean 
operation on the vas deferens, where by 
all means the artery of the vas deferens 
is to be avoided, adhesions have occurred 
that caused testis elevation. This con- 
dition leading to degeneration must be 
clearly separated from the effects of the 
occlusion of the vas deferens. All blood 
vessles running to and from the testis 
should be avoided. Many workers have 
given no heed to this complicating factor 
and have ligated the entire spermatic cord. 
It should be no surprise that degeneration 
follows such a procedure in the testis for 
organs deprived of their blood supply will 
undergo degeneration whether they be 
liver, kidney, brain or spleen. 

Steinach and Sand severed the testis 
from the epididymis believeing that by 
this method degeneration occurred more 
surely and more rapidly. Van Wagenen 
(193) recently studied this method of 
blocking the testis outlet and notes degen- 
eration of the testis in 106 cases in the rat. 
In a later paper (194) however she states 
that her operations were followed by 
hardening of the testis from congestion, 
and that the lack of oxygen and food was 
undoubtedly sufficient to cause such de- 
struction as was obtained. 

The lack of proper controls has in some 
cases led to misrepresentations of the 
effect of occluding the outlet duct.. And 
finally many apparently trivial conditions 
can become complicating factors and give 
results that are wrong in implications un- 
less particular attention is given to the 
fact that the testis is affected adversely. 
Insufficient attention to apparently minor 


details is the structure upon which has 
been builded the erroneous hypothesis that 
occlusion of the duct of the testis leads to 
the degeneration of its germinal epithe- 
lium. Belfield (10) has recently restated 
the conditions obtaining in man where the 
vas deferens has been totally occluded. 
Thus ‘‘In a large majority of subjects 
sperms have been found there (epididymis) 
even from five to seventeen years after the 
occluding epedidymitis occurred; in these 
cases, therefore, atrophy of the spermatic 
tubules had not occurred’’ (page 1242). 
Founded on error, therefore, and abun- 
dantly disproved on every species of mam- 
mal where degeneration after vas ligation 
has been reported, it would seem that the 
operation as applied to man for purposes of 
rejuvenation should have well run its 
course—at least so until adequate proof of 
some biological principle is involved to 
justify its utilization. At present itmay be 
emphatically stated there is no biological 
justification for the operation that has 
been established by experiment. The 
testis neither undergoes rapid degenera- 
tion solely on account of blocking the out- 
let from it, nor does this operation affect 
in any detectable manner the condition of 
the interstitial cells. It is now well un- 
derstood that many influences can cause 
degeneration of the testicle, and that in 
the majority of such cases of degeneration 
the interstitial cells appear to be more 
abundant. In infarction of the liver or kid- 
ney, areas of degeneration of parenchyma 
can be seen accompanied by a prolifera- 
tion of connective tissue, but as yet this 
method of clinical procedure has not been 
employed as an efficacious measure. 
Granting there may appear to be an in- 
terstitial cell increase, it is yet to be proven 
that such has any influence upon the 
organism. Until such a condition is 
proven there is no justification in ac- 
cepting in principle an efficacious result 
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from any method that causes the testicle 
to degenerate. This is dealt with more 
in detail in a following section. 


IV. TESTIS TRANSPLANTATION 


Transplantation of the mamalian testis 
has been studied for many years and the 
development of our present knowledge 
of the best technic, of the possibilities of 
the reaction of the transplanted tissue, and 
of the efficacy of the procedure has been a 
fascinating topic. 

The earliest attempt to transfer the 
testis from one organism to another with 
notable results dates back to 1849. In 
that year Berthold (17) published his 
notable contribution on the autoplastic 
and homoplastic transplantation of the 
bird testis. Testes placed within the coils 
of the intestine and removed six months 
later contained spermatozoa capable of 
movement. About forty years later 
Berthold’s observations were confirmed 
for the same animal by Loge (96), Hanau 
(64), and Foges (48). It was found that 
the bird testis graft persisted in a func- 
tional condition not only in the abdomen, 
its normal location, but also in subcutane- 
ous areas wherever it could obtain a 
vascular supply: underneath the skin the 
spermatogenetic function continued and 
motile spermatozoa were produced. 

Following this earlier successful bird 
work, both amphibian and mammalian 
transplantations were studied, but in the 
latter, expected successes did not easily 
follow. Many workers were able to 
successfully transplant mammalian ova- 
ries and it was realized early that these 
could be transplanted with much greater 
ease than could the testis. Ribbert (155) 
was unable to transplant the testis of the 
rabbit or dog and obtain persistence of the 
graft. Within a very few days after 
transplantation he noted that the semini- 
ferous tubules underwent degeneration and 


rapidly lost their germinal epithelium; in 
some cases the epididymis tubules could 
be found in a relatively normal condition 
but more often all the graft was resorbed 
and replaced by connective tissue. Rib- 
bert believed that it was impossible to 
transplant the organ successfully because 
of the fact that its functional products 
were discharged to the outside. Gobell 
(53) likewise failed to obtain persistence 
of transplanted testes of the rabbit and 
guinea pig. The grafts rapidly became 
necrotic and gave no evidence of a capacity 
to persist and carry on their spermatozoon 
producing function; the contents of the 
seminiferous tubules at the time of trans- 
plantation were rapidly absorbed. Foa 
(47) failed in his attempt to transplant the 
dog testis and he was firmly convinced 
that the testis could not be transplanted 
and persist. Cevolotto (35. was some- 
what more succesful with the rabbit; 
grafts recovered forty-five days after 
subcutaneous transplantation consisted of 
a few degenerate tubules. Practically all 
the germinal epithelium was destroyed by 
a process of sloughing into the lumina of 
the tubules and subsequent degeneration. 
Castle and Phillips (33) had negative re- 
sults in thirty-three attempts to transplant 
young rat testes into the empty scrotum 
of an older castrated rat. 

Beginning with the work of Steinach 
better results were obtained in transplan- 
tation of the testes (177 to 183). In 1910 
he reported the successful persistence of 
autoplastic testicular grafts but in all 
cases the seminiferous tubules were en- 
tirely abnormal in as much as only tubule 
outlines containing a few Sertoli cells 
were present instead of the normal ger- 
minal content characteristic of the organ. 
He states that in all testis grafts the ger- 
minal portion is lacking and that the most 
prominent tissue is the interstitial tissue 
composed largely of the cells of Leydig; 
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these he considers to be the source of the 
sex hormones (see later section). 
Voronoff (196) has transplanted the 
testes of goats, rams, and man. Retterer 
(151) (2152) describing these grafts re- 
covered by Voronoff from the goat and 
ram mentions that the majority of the 
grafts are degenerate; may times there is 
only connective tissue, but in others well 
defined tubule outlines are present with 
at times traces of the germinal epithelium. 
One testis graft from each, the goat and 
the ram, are said to show a fairly normal 
epithelium within the seminiferous tub- 
ules and to contain bodies believed to be 
sperm heads. This was true in the goat 
graft (removed from the scrotum) after 
a period of persistence of about two weeks. 
It may be questioned, however, whether 
-this graft represents possible retention of 
completely differentiated products at the 
time of transplanatation; it is conceivable, 
in the absence of other grafts to substanti- 
ate the idea, that this graft represents a 
retention of previously formed products 
rather than the differentiation of new 
products after transplantation. This 
short period of time leaves the implication 
of the findings somewhat in question. A 
longer persisting ram testis graft showing 
fairly normal seminiferous tubules con- 
taining sperm head-like bodies, is also 
open to question for the reason that the 
graft was fastened to the normal testis of 
the host. In removal of this graft it may 
be questioned whether a portion of the 
normal testis in situ was adherent to what 
was supposedly the original transplanted 
tissue. 

The short account of Retterer was un- 
known to Moore (119) when he stated 
that for the first time mammalian testis 
grafts were obtained which had differ- 
entiated spermatozoa. If the implica- 

tions of Retterer’s account are correct 
then this was actually shown two years 


earlier. It makes little difference whether 
actually correct or not, the significant 
thing, and the point contended for by 
Moore, is that there exists but one locality 
in the mammalian body where grafts 
have proven capable of producing sperma- 
tozoa. This locality is the scrotum, and 
its significance is discussed in section V. 

Sand (157, 158, 162, 164) has reported 
his experiences many times with trans- 
plantation of the mammalian testis, using 
chiefly rats and guinea pigs. His general 
results on histological persistence of the 
testis grafts differs in no material way 
from those described by Steinach, except 
that he does mention (164) that sometimes 
the germinal epithelium may be partially 
preserved and contain spermatogonia and 
spermatocytes. 

The results of testis transplantations in 
this laboratory were at first similar to 
those described above (Moore 115, 116); 
grafts consisted of degenerate seminiferous 
tubules containing only Sertoli cells, and 
many times an apparent overdevelopment 
of interstitial cells though it was recog- 
nized that the latter did not always fol- 
low. Figures 7 and 8 are reproductions of 
small portions of ~wo grafts obtained from 
transplantation of the testes into spayed 
female guinea pig. It is evident from 
figure 7 that seminiferous tubules lack a 
germinal epithelium except for the single 
basal row of Sertoli cells; interstitial cells 
appear to be developed in an overabund- 
ance. Figure 8, however, is an exceptional 
type and shows that active spermato- 
genesis has continued despite the fact that 
the graft resided in the spayed female for 
a period of nine months. The interstitial 
ceils in comparison with figure 7 are 
minimal in amount and approach the con- 
dition of this tissue in the normal testis. 
From this the question arose why sperma- 
tozoa were never found in transplanted 
mammalian testes; Berthold had obtained 
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bird testis grafts with spermatozoa. If found? It can be seen (a, fig. 8) that the 
in mammals theearlier phases of spermato- lumen of some of the tubules contained 


Fic. 7. Guinga-pic Grarr (Pertrongat) Seven Monrus Spavep 
ic, interstitial cells; st, seminiferous tubules 


Fro. 8. Guinea-pic Trstis Grarr (Suscurangous) Nive Montas 1n Spaygep 
4, cells sloughed from epithelium into tubular lumen; ée, interstitial cells; st, seminiferous tubules. 


genesis continued actively, why were later loosened cells in stages of degeneration. 
stages with actual spermatozoa never On closer observation it could be seen that 
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these were gradually escaping from the 
medial edge of the epithelium into the 
lumen where they underwent fragmenta- 
tion and solution; they appeared to have 
lost their capacity to adhere to the epithe- 
lial strata and build this to completion. 
The answer to this puzzling question did 
not receive its explanation until the first 
results were obtained on experimental 
displacement of the testis into the abdo- 
men (see section II). 

When it was forced upon the attention 
that a normal testis in a stage of active 
spermatogenesis will undergo rapid de- 
generation within six days and lose all 
its germinal epithelium within a period of 
twenty days if it is placed in the abdomen, 
it was only logical to account for the lack 
of the the germinal portion of the testis 
grafts as being due to their abnormal 
environment. An apparent discrepancy 
should be made clear. It has been found 
that a testis displaced from the scrotum 
into a subcutaneous environment is en- 
tirely different structurally from the 
opposite one displaced into the abdomen. 
And whereas many grafts previously 
described in the literature have been made 
intramuscularly and intraperitoneally the 
one shown in figure 8 was a subcutaneous 
graft. 

Following this condition further, and 
testing the hypothesis that the scrotum 
has a very definite and decided influence 
upon the process of spermatogenesis, the 
writer has carried out an extensive series 
of testis transplantations in different 
localities in the body (125). More than 
one hundred rat testis grafts from intra- 
peritoneal, subcutaneous, intramuscular 
and scrotal positions were recovered; 
spermatogenesis continued in many grafts 
up to the spermatocyte stage and mitoses 
proved that active division of the germ 
cells continued. The newly formed cells 
however did not adhere and produce a 


complete epithelium but instead they 
escaped from the epithelium into the 
lumen to degenerate. Testis grafts, in 
the scrotum, were many times similar to 
grafts from other localities but several 
of the scrotal grafts showed normal 
seminiferous tubules. These tubules con- 
tained a normal, active germinal epithe- 
lium, many cells of which were in stages 
of mitosis and spermatozoa were present 
in quantities similar to normal testes. 
In these cases there is no question that 
differentiation continued in the graft. 
The testes transplanted were taken from 
animals two to ten days after birth, at 
which time the tubules are embryonic 
in development, and they were trans- 
planted onto the tunica vaginalis of totally 
castrated males; in sections of the grafts 
the remains of the old ligature can be 
seen. These grafts were removed two to 
six and one-half months after transplanta- 
tion. 

These facts teach us therefore that a 
mammalian testis graft can develop sper- 
matozoa provided it is transferred to a 
locality where such is possible. To date 
the scrotum is the only locality where 
such differentiation has been obtained, 
and since it fits in so consistently with the 
many other elements of proof for the 
function of the scrotum, we have good rea- 
son for suspecting that it will prove to be 
the only locality in which germ cell 
differentiation can go to completion. 

One of the many debatable points arising 
in sex gland transplantation has had to 
do with the possibility of successfully 
transplanting a gonad into an animal of 
the opposite sex. Herlitzka (70) and 
Schultz (165) were to my knowledge the 
first workers to attempt, with successful 
results, such transplantation in the mam- 
mal. Each, working with the guinea pig, 
succeeded in transferring the ovary into 
normal males and recovered later the 
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ovarian graft. Herlitzka in particular 
mentions that the ovarian graft is not 
hindered in its incorporation or persistence 
by the normal testis of the male host. 
Basso (9) likewise recovered ovarian 
grafts from normal male rabbits; they 
persisted as satisfactorily as when trans- 
planted into females and contained nor- 
mal Graafian follicles in all stages of 
development. Marshall and Jolly (106) 
were able to transplant the ovary into a 
male rat with limited success. Cevo- 
lotto’s (35) grafts of the testis into sub- 
cutaneous positions in the femalerabbit per- 
sisted as well as when grafted into males. 

Steinach was unable to obtain persis- 
tence of a gonad of the rat or guinea pig 
after its transfer to a normal animal of 
the opposite sex. Thus he could suc- 
cessfully transfer an ovary into a male 
animal previously castrated, or a testis 
into a previously spayed female, but he 
could not obtain persistence without 
previous elimination of the normal glands 
of the host. In 1916 however he was suc- 
cessful in transplanting simultaneously 
an ovary and a testis into a previously 
castrated animal. 

Around this series of results Steinach 
constructed his hypothesis of antagonism 
between secretions from the two opposite 
sex glands. He believed each gland 
produced a substance that acted adversely 
on the opposite sexed organ, and that this 
influence was sufficiently potent to pre- 
vent, for example, the growth of an ovary 
in a normal male or the growth of a 
transplanted testis in a normal female. 
When the environment was neutral, how- 
ever, as might be conceived to follow 
elimination of the normal gonad from 
either animal, then simultaneous trans- 
plantation of the two opposite sexed 
organs into the neutral host would be 
followed by incorporation and growth of 
each. Thus he believed that the antago- 
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nistic forces were somewhat overcome, 
that each had an equal chance of incor- 
poration and persistence. 

Sand like Steinach was unable to obtain 
incorporation of the gonad of one sex in a 
subcutaneous position in a normal animal 
of the opposite sex; with removal of the 
normal gonads of the host such could be 
obtained. However, by transplanting an 
ovary into the substance of the testis he 
found that the ovary graft persisted and 
carried on its differentiation in a normal 
manner, and the testis likewise remained 
normal and produced spermatozoa. Hethus 
saw an inconsistency in Steinach’s antag- 
onism hypothesis, but there was still to 
account for, his failures to obtain growth 
of the graft in other parts of the body 
without first removing the host gonad. To 
account for this Sand developed his hy- 
pothesis of “‘atreptical immunity.” 

In brief, Sand conceives that the body 
elaborates a specific food substance essen- 
tial for growth of the sex glands, but a 
non-sex specific substance that cither 
gland could utilize. This substance, he 
believes, is rapidly removed from the blood 
stream and stored within the organ in 
question. Therefore, he believes that a 
normal testis would so completely remove 
the specific substance, storing it within 
the gonad, as to make it unavailable for 
the ovary transplanted into a subcutane- 
ous position and this graft perishes be- 
cause of starvation for it. If however 
the ovary is placed within the testicular 
substance this specific food substance 
would be available to it and persistence 
follows. 

It will be realized, therefore, that both 
Steinach’s ‘‘antagonism’’ hypothesis and 
Sand’s ‘‘atreptical immunity’’ hypothesis 
were constructed primarily to account for 
their failure to obtain growth and per- 
sistence of gonads transferred to normal 
animals of the opposite sex. In this 
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laboratory, however, we have not found 


the need for such hypotheses. Moore — 


(115) reported successful results from 
transfer of ovaries into male rats that 
retained one normal testis, and testes 
transplanted into females with one ovary 
present. It was our earlier custom to 
operate simultaneously on a young male 
and female of the same age, removing one 
testis from the male to the female, and 
one ovary from the female to the male; 
thus each animal retained one of its nor- 
mal sex glands and the transplanted gland 
of the opposite sexed animal. Many 
months after the operation such ovarian 
grafts from males with one testis present 
were found to be carrying on their normal 
differentiation, from the fact that normal 
Graafian follicles of all stages of develop- 
ment were present, even to stages showing 
maturation of the ovocytes; the single 
intact testis of the male was entirely 
normal and the animal was utilized as a 
breeding male. Similarily the testis grafts 
were recovered months after transplanta- 
tion from the female whose single ovary 
remained in place and functional. These 
testis grafts, for the reason that they were 
in intramuscular and intraperitoneal posi- 
tions were not in a normal condition but 
were entirely similar to grafts from such 
localities in castrated males. Moore 
called attention to the superflousness 
of hypotheses explaining lack of such per- 
sistence in as much as no difficulty was 
exerienced in obtaining persistence of the 
graft in the opposite sexed animal. 

Bohn (21) reviewing Moore's results and 
contentions saw in the experimental 
procedure a confirmation of Sand’s hypothe- 
sis. In as much as he takes for granted 
the necessity of removal of one sex gland 
before the gonad of the opposite sexed 
animal would survive Bohn argues that 
removal of the one gland would allow 
sufficient amounts of the specific food sub- 
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stance to be left in the general circulation 
and the opposite sexed transplant could 
therefore persist. Moore (120) however 
pointed out the fallacy of this reasoning by 
citing preliminary results of later experi- 
ments wherein such transplantations were 
carried out successfully without interfer- 
ing in any way with the normal intact 
gonads of the opposite sexed host (see 
125). Thus in a large series of testis 
gtafts many of which were transplanted 
into normal females, such grafts persisted 
for months and when removed were found 
to contain seminiferous tubules in active 
spermatogenesis: the cells produced by 
mitosis in the germinal epithelium es- 
caped into the lumina of the tubules and 
degenerated, in all essentials the exact 
counterpart of tubular activity in grafts 
located in castrated males. This condi- 
tion holds, moreover, even during the 
course of pregnancy. Testis grafts have 
been removed from at least ten normal 
females that had completed the period of 
pregnancy, delivered and suckled normal 
litters of young and were killed immedi- 
ately on weaning; the grafts in such cases 
have persisted for months after trans- 
plantation. The same has been found in 
many other normal females that had not 
been bred. 

Thus it is seen that neither the two 
ovaries nor even the condition of preg- 
nancy itself has any apparent deleterious 
influence upon spermatogenesis so far as 
this function can be consumated in the 
environment in which the graft finds it- 
self. Grafts made in similar positions 
in the normal male, normal female, preg- 
nant female, or castrated male appear to 
have the same capabilities of growth 
and persistence as well as of differentia- 
tion; it is-to be remembered, however, 
that the graft placed in the scrotum can 
complete differentiation and produce nor- 
mal tubules containing spermatozoa. 
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Vv. THE FUNCTIONAL SIGNIFICANCE OF THE 
SCROTUM 


Preceding sections have directed the 
attention to some conditions under which 
a testis fails to continue its normal game- 
togenetic function. Thus undescended 
testes of scrotal animals do not produce 
germ cells and double cryptorchidism is 
accompanied by sterility; removal of 
healthy functional testes from the scrotum 
to the abdomen results in rapid and com- 
plete destruction of the germinal tissues, 
and return of a testis in a degenerate con- 
dition from the abdomen back into the 
scrotum permits of recovery and return 
to a normal functional condition, whereas 
a testis intermediate between the two 
cavities may likewise show an in- 
termediate condition from degenerate to 
normal; ligation of the vas deferens does 
not affect the normal function of germ 
cell differentiation provided the testis 
suffers no displacement from its normal 
position by adhesions or other factors 
unrelated to mere occlusion of the excur- 
rent duct; and finally testis grafts are 
found capable of producing spermatozoa 
only when transplanted into the scrotum. 
In each case, therefore, the common factor 
is an association of the testicular tissue 
with the normal scrotal position for the 
organ. With this information derived 
from experiments before us, the work in 
this laboratory was directed to the study 
of the nature of the causes for germ cell 
degeneration when the organs are extra- 
scrotal in position. Why do undescended 
testes fail to develop normally? Why do 
testes removed from the scrotum to the 
abdomen undergo rapid and complete 
germ cell degeneration? Why do testis 
grafts complete their normal development 
only when placed in the scrotum? 

By. experiment all hypothetical factors 
were eliminated as primary causes of germ 
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cell degeneration except the possibility 
of higher abdominal temperatures, or con- 
versely lower scrotal temperatures. 
While experiments were in progress to 
prove or disprove the differential tempera- 
ture hypothesis Crew (41) on hypothetical 
grounds advanced the suggestion that the 
aspermatic condition of improperly de- 
scended testes might bedue to higher tem- 
peratures in the abdomen than in the 
scrotum. 

Several means suggested themselves to 
prove or disprove the idea, among which 
were investigations (1) to ascertain if 
real differences in temperature did actually 
exist in the two localities; (2) to deter- 
mine if prevention of heat loss from the 
scrotum affected the welfare of the organ; 
and (3) to study the effect of applying 
temperatures somewhat higher than nor- 
mal to the scrotum or testes direct. 


a. Scrotal and abdominal temperatures 


It is well known from the experiments 
of Benedict and Slack (11) that a tempera- 
ture gradient exists in man, from the 
deeper cavities of rectum and vagina to 
the external skin, of approximately 5°C. 
It has also been stated that temperatures 
within the scrotum were less than in the 
abdomen without citations of such obser- 
vations. Moore and Quick (128) how- 
ever, determined that the interior of the 
rabbit, rat and guinea pig scrotum was 
invariably some degrees cooler than the 
interior of the abdomen. This difference, 
detectable at ordinary laboratory room 
temperature, increased as the external | 
environmental temperature diminished. 
The guinea pig and rabbit scrotal tempera- 
ture was 13° to 3°C. lower than abdominal 
temperatures at a room temperature of 
30°C. but this difference was more marked 
in the rat. Thus in the white rat ob- 
served in a room temperature of 16°C. it 
was found that the interior of the scrotum 


on 
er 
by 
ri- 
ct 
ee 
ris 
ed 
od 
id 
ct 
ts 
i- 
re 
il 
of 
il q 
i- 
n 
it 

f 
| 
. 

1 
| 

| 


26 THE QUARTERLY REVIEW OF BIOLOGY 


was 7°C. lower than the interior of the 
abdomen. 

Thus direct proof is afforded that the 
actual normal environmental (scrotal) 
temperature is lower than that of the 
general body temperature and the hy- 
pothesis is greatly strengthened that a 
differential body temperature is the 
causal agent in testicular degeneration 
when the organ is abnormally situated in 
reference to the scrotum. 


b. Scrotal insulation 


The fact of a differential temperature in 
the abdomen and scrotum necessitates the 
assumption that the scrotum is a local 
thermoregulator serving to control the 
temperature around the testes. If such a 
regulatory mechanism is essential for 
normal testicular activity it should fol- 
low that prevention of the control would 
be fatal to the active elements of the 
organ. Moore and Oslund (131) choosing 
the ram with its large pendent, pear- 
shaped scrotum as the most suitable 
animal for experiment, carefully covered 
the scrotum first with a layer of woolen 
batting, second with a layer of heavy 
woolen cloth, and finally with a layer of 
waterproofed canvas material. Sewing 
each layer separately so as to closely fit 
the external scrotal contour it was be- 
lieved that at least a part of its regulatory 
function might be done away with. Care 
was exercised to prevent encaseing ma- 
terials from sagging upon, or binding, the 
scrotum; supports over the animal's back 
allowed the scrotum to hang its full 
length and at all times a finger could be 
passed inside the covering. The animal 
was sacrificed ninety days after the 
scrotal wrappings were applied, mean- 
while running freely in a barnyard. Sec- 
tions from different regions of the testis 
showed that the scrotal insulation pro- 
duced a decided degeneration of these 


organs. No normal seminiferous tubules 
were found in the testis nor could sperma- 
tozoa be seen from any region of the 
testis proper. The cells of the germinal 
epithelium had either been entirely re- 
moved or could be seen in stages of 
degeneration. The lumina of many tub- 
ules contained degenerating masses of 
cells thrown out from the epithelium. 
We thus see that prevention of the 
thermoregulatory function of the scrotum 
causes an animal to sterilize itself with its 
own body heat. The germinal tissue 
destruction is highly similar to that found 
in experimental cryptorchidism. This re- 
sult alone would appear sufficient to 
definitely establish the function of the 
scrotum as a local thermoregulator, and a 
scrotal position as indespensible to the 
normal activities of the testes in those 
mammals normally developing a scrotum. 


c. Heat application 


As confirmative proof of the effects of 
higher temperatures upon the welfare of 
the testis, artificial sources of heat have 
been applied externally to the scrotum 
as well as directly to the testis itself. 
Moore and Chase (126). reported that 
external application of higher than nor- 
mal body temperatures to the scrotum was 
followed by degeneration of the testes. 
Discussing the effects more in detail 
Moore (123) showed that single exposures 
to water approximately 7°C. above nor- 
mal body temperature, running over the 
scrotum, was followed within five to 
ten days by extreme degeneration of the 
testes. Graded effects of this influence 
were obtained by varying cither the 
length of application of heat (using 
warmed water, electric stove, or electric 
light) or the degree. Testes suspended in 
a normal saline solution 6° to 7°C. above 
normal body temperature for five minutes 
suffer the loss of practically all the ger- 
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minal cells within ten days. Similar 
exposures of testes to saline of a few de- 
grees below normal body temperatures 
leaves the testis normal. It is the higher 
temperature, therefore, and not the opera- 
tive procedure that is the cause of de- 
generation. 

The Japanese worker Fukui (50, 51, 52) 
determined that testes of the goat, rabbit, 
guinea pig and rat degenerate rapidly 
after exposures to artificial heat slightly 
above the normal body temperature. 
Fukui employed as sources of heat an 
electric arc, sun light, hot water, hot air 
and paraffine. Particular emphasis should 
be given his findings that a testis elevated 
to the abdomen requires approximately 
the same length of time for degeneration 
as does a testis to which the equivalent 
of body temperature is applied externally 
tothe scrotum. A second point of partic- 
ular importance is his findings on arti- 
ficially cooled cryptorchid testes. In the 
dog he found that when both testes were 
replaced in the abdomen and an artificial 
cooler applied to the ventral abdominal 
wall in the region of one testis, the testis 
in the artificially cooled region remained 
normal while the uncooled one degener- 
ated. 

With the accumulated data from so 
many and varied types of experiment 
bearing directly on the condition of the 
testicle we may now regard as proven that 
temperatures within the abdomen are 
above the optimum for spermatogenesis. 
Thus we have an explanation of condi- 
tions inherent in undescended testes; we 
have a partial solution for the behavior 
of testis grafts; and we see an explanation 
for perhaps most of the incorrect con- 
clusions on the effects of vasectomy. 


a. The significance of the scrotum 
Appearing only in mammals, the hither- 
to unexplained conditions of scrotal forma- 


tion, and testicular descent, appear in a 
new light. Thoroughly appreciating the 
fact that the lowest mammals (monotre- 
mata) retain the reptilian and lower 
vertebrate type of abdominal testes, a sur- 
vey of mammalian forms forces attention 
to a gradual evolution of the scrotum and 
testicular descent. The marsupials, more 
or less specialized in many ways, are like- 
wise aberrant in scrotal formation in as 
much as the scrotum is perpenial and of a 
somewhat different type than that found in 
other mammals. Many edentates, like 
the monotremes, retain the testes in the 
abdomen normally, as do some of the in- 
sectivores. Certain members of different 
lower groups of mammals have a seasonal 
spermatogenetic cycle atc which time the 
testes are either in contact with a thin 
area on the abdominal wall or lie in a 
relatively temporary scrotum. The active 
production of germ cells is therefore cor- 
related with this simple scrotal beginning 
(Rasmussen, Tandler and Gross, Marshall, 
Griffiths, Hansemann, etc.). Recession of 
the organ from this temporary scrotal posi- 
tion is followed in general by loss of 
capacity to produce germ cells. Among 
rodents (rat, rabbit, guinea pig, etc.) the 
testes usually have passed through an 
inguinal canal into a scrotum but separa- 
tion of the latter cavity from the abdomen 
is not complete; the inguinal canals re- 
main patent throughout life and the 
testes can be elevated into the abdomen 
and redescend into the scrotum. Terres- 
trial carnivora possess the closed scrotum 
but in some aquatic carnivora the testes 
remain in the abdomen. The majority 
of the ungulata show a typical descent- 
into the scrotum but again several mem- 
bers of this group retain the testes in the 
abdomen (hyrax, elephant, rhicoceros). 
Abdominal testes also exist in some of the 
more highly specialized aquatic forms 
(cetaceans and sirenians) but primates 
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normally carry the scrotal development to 
completion and the closed inguinal canals 
prevent reéntry of the descended testis into 
the abdomen. 

There is thus revealed in general a 
correlation of scrotal development and 
mammalian evolution but as in the evolu- 
tion of so many structures (appendages, 
teeth, etc.) Variations have occurred. 
Such an evolution is not necessarily in- 
variably associated with the acquisition 
of higher body temperatures for the bird, 
with its slightly higher temperature than 
mammals, has retained the testes in the 
abdomen. 

Without attempting to explain the 
cause of such an evolution in terms of one 
hypothesis or another attention may be 
directed to the structural characteristics 
of the scrotum that would fit it for such 
a thermoregulatory capacity. Primarily 
an outpouching of the peritoneum against 
a thin area of the abdominal wall, con- 
tinued elaboration has produced a sac like 
structure lined by the tunica vaginalis, a 
derivative of peritoneum, covered by an 
extremely thin integument well provided 
with sweat glands and without subcu- 
taneous fat. Active adjustment to ex- 
ternal temperatures can be noted in many 
animals by the great relaxation of the 
scrotum in hot weather as against its de- 
cided contraction in the ccld; within 
certain limits the amount of rclaxation and 
consequent separation from the body is 
a function of the external temperature. 
That it does function to reduce the en- 
vironmental temperature of the testis has 
been proven by Moore and Quick, and it 
is now fully appreciated that such an 
adjustment is essential for those mammals 
normally developing such a structure. 

Data for a consideration of the possible 
relationship between degrees of scrotal 
formation and the body temperature of the 
animal are not available, but it would 


appear probable that in many animals 
lacking the scrotum the body temperature 
would be of a variable character and sub- 
ject to wider fluctuations than would oc- 
cur in those forms where complete descent 
into a well formed scrotum has taken 
place. Different degrees of degeneration 
by abdominal replacement of the testis 
of rats and guinea pigs correlates with a 
less restricted range of body temperature. 
Temperatures against the internal body 
wall of the rat were found to be a degree 
or more lower than among the viscera 
in a deeper position; the variations in this 
respect are greater than are those found in 
the guinea pig. Correlated with this 
fact we find that abdominal testes of 
guinea pigs are injured considerably more 
in a given length of time than is the rat 
testis; guinea pig testes elevated into the 
abdomen for a period of two weeks are 
usually more degenerate than the rat 
testis similarily treated for six months. 
But yet in the guinea pig, despite the 
total loss of the generative portion of an 
abdominal testis in two weeks, a testis 
graft subcutaneous in position may con- 
tinue its early stages of spermatogenesis 
and build an epithelium practically nor- 
mal in its cellular content for a period of 
nine months (see fig. 8). 

We are justified in concluding, therefore, 
that in the evolution of mammals a condi- 
tion has been produced such that the testes 
cannot carry on their primary function 
when exposed to the normal abdominal 
temperature. There has been a gradual 
recession of the organ posteriorly where 
first it comes to lie against the anterior 
abdominal wall in a cooler and primitive 
scrotal-like area. Carried farther this 
primitive beginning has gradually become 
more pronounced and in the higher forms 
the scrotum with its special structural 
peculiarities becomes closed off from the 
abdomen and provides within its interior 
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a temperature environment lower than 
that in the abdomen. Along with this 
newly acquired structure and function the 
testes of higher mammals depend upon the 
very conditions that are provided. With- 
out this thermoregnlatory function the 
testes Cannot produce spermatozoa. Re- 
moved from the cooler environment of the 
scrotum, or so interfering with the scro- 
tum that it cannot regulate the tempera- 
ture about the testes, the organ cannot 
perform its primary function in the general 
economy of the animal body—that of 
producing spermatozoa. 


VI. THE EFFECTS OF ROENTGEN RAYS ON THE 
TESTIS 


The discovery of the X-rays by Roent- 
gen in 1895 and the accidental effects upon 
the skin in producing inflammations and 
dermatitis caused attention to be focused 
on these, particularly their effects upon the 
organism or individual parts of it. 

The destructive effects of the X-rays on 
the gonads, more or less accidentally, 
discovered by Albers-Schonberg (1) has 
led to considerable experimental work on 
the reproductive glands. Albers-Schon- 
berg exposed male rabbits and guinea pigs 
to X-rays and failed to obtain offspring in 
subsequent matings with untreated fe- 
males; sterility was due to a lack of 
spermatozoa in the testes. A few months 
later Frieben (49) reported that the semi- 
niferous tubules were reduced in size, and 
that the !umina of the tubules often con- 
tained loose cells in a state of degenera- 
tion; there was an entire lack of mitoses 
in the cells of the tubules. 

Brown and Osgood (30) reported that 
the mere presence of men in an X-ray 
room, either as operators or helpers, led to 
an azoospermic condition. Phillip (138) 
similarly reports that X-rays cause steril- 
ity in men. One, a tuberculous individ- 
ual, voluntarily submitted to daily ex- 
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posures of from ten to fifteen minutes for 
thirty days. Whereas motile spermatozoa 
were obtained for a considerable time after 
the beginning of the exposures it was 
found at the end that the testes were 
entirely devoid of spermatozoa (hyper- 
dermic syringe sample); under the limits of 
the observation the individual reported no 
diminution in sexual capacity, despite his 
sterility. In 1904 and 1905 Bergoine and 
Tribondeau noted that X-rayed testes of 
the white rat were rendered superficially 
translucent, and that fluids issued from 
any cut surface of the organ. Later this 
edematous condition disappeared and the 
seminiferous tubules were found to lack 
a germinal epithelium, or at most 
contained only a few spermatogonia. 
The degree of destruction in the testis 
was roughly proportional to the X-ray 
dosage. 

These writers noted a high degree of 
selectivity of the X-rays for the germinal 
portion of the gonad and that Sertoli 
cells appeared unaffected; the latter were 
not only present after all germ cells had 
been climinated but were increased 
in number through amitotic divisions. 
They state that Sertoli cells may thus 
multiply and increase in number but are 
incapable of producing cells of the ger- 
minal line. Three months after the last 
exposure to X-rays they were unable to 
find any germinal cells in the testis; the 
interstitial cells were overabundant. They 
believe the X-rays act upon the individual 
cells directly; that rapidly dividing cells 
are more easily affected; and that sperma- 
tozoa are unchanged by such exposures. 
Indeed they determined that human sper- 
matozoa exposed directly to the rays for 
thirty minutes suffered neither change in 
form nor loss of motility. A single 
exposure of the rat testis was sufficient 
to render the animal sterile. 

Villemin (1925) confirmed the main 
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contributions of Bergoine and Tribondeau. 
Guinea pig testes exposed to X-rays suf- 
fered complete destruction of the seminal 
tissue but interstitial cells were unaffected; 
such animals retained their sexual ardor. 
Villemin determined that a smaller dosage 
was followed within three and one-half 
months by regeneration of the testis 
and production of spermatozoa. He 
maintained that as long as spermatogonial 
cells remained in the degenerate testes 
recovery of normal function was possible, 
but without spermatogonia no recovery 
could take place; Sertoli cells were in- 
capable of producing the cells of the 
seminal line. 

In a series of papers Regaud and Blanc 
(145), Regaud and Dubreuil, (146, 147) 
Regaud and Nogier (148), the earlier 
studies on X-ray effects on the testis were 
confirmed and extended. Exposures of 
young rabbit testes before differentiation 
did not subsequently alter testicular de- 
velopment, whereas in the differentiated 
testis complete sterility was produced; 
but despite sterility there was no diminu- 
tion in sexual ardor. Those receiving 
X-ray exposures copulate and at first 
discharge motile spermatozoa, but these 
appear incapable of fertilizing ova; later, 
spermatozoa were absent from the semen. 

Subsequent X-ray work on the testicle 
by Harvey (67) Herxheimer and Hofmann 
(71) Wakelin Barratt and Arnold (199), 
Hewer (72), and Ancel and Bouin (4) 
give added confirmation of the selective, 
destructive action on the germinal portion 
of the testes. Simmonds (171) determined 
that mesothorium acts similar to X-rays. 
Wakelin Barratt and Arnold describe 
intimate changes in the individual cells 
following exposure. All workers are in 
agreement that selectivity is the out- 
standing event. Cells of the seminal line 
show no changes for the first twenty-four 
hours after exposure; subsequently the 


protoplasm becomes somewhat cloudy 
and approaches a general aspect of coagu- 
lation; nuclei, especially those in mitosis, 
show many abnormalities. In general 
two different types of disposition of the 
germinal tissue is observed. First there 
is a local cytolysis of cells in situ leading 
to a liquefaction of material and the 
consequent vacuolated appearance of the 
epithelium. The products of cell cytoly- 
sis are absorbed into the blood stream. 
Accompanying this condition there is a 
second one in which many or most of the 
remaining cells are sloughed into the 
lumen of the tubule. Such masses of 
material contain cells little modified, 
cells showing degeneration changes, and 
a considerable mass of debris from cells 
that have undergone partial solution or 
fragmentation. Some of the cells thrown 
out into the lumen may be carried into 
the epididymis where their further de- 
generation and absorption can be fol- 
lowed. 

The type of behavior in the X-rayed, 
degenerate testes is highly similar to the 
type of degeneration encountered in testes 
confined in the abdomen. Cell changes, 
the local cytolysis, sloughing into tu- 
bules, transportation into the epididymis, 
the retention of spermatozoa in the vas 
deferens are all common conditions in 
degeneration from the two different causal 
agents. The selective action on the 
seminal line and the retention of Sertoli 
cells and interstitial elements are common 
to the two types. Shrinkage of the 
seminiferous tubules and the apparent 
interstitial hypertrophy are entirely simi- 
lar. Finally the powers of recuperation 
of the testes from spermatogonial ele- 
ments gives a series of conditions that 
would make it almost impossible in a 
study of degeneration to decide between 
the two causal agents. These similarities 
force themselves on our attention as well 
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as the fact that the real causal effect in 
each case is not apparent. We know 
neither the ultimate cause of degeneration 
as produced through testis elevation to 
the abdomen or the external application of 
higher than normal temperatures, nor 
the actual ways in which X-rays produce 
their effects. It may ultimately be proven 
that the similarities are more than super- 
ficial and that the two causal agents may 
have a fundamentally similar action upon 
the protoplasm of this labile tissue. 


VII. HYPERSENSITIVE REACTIONS IN THE 
TESTICLE 


An interesting testicular reaction but 
recently discovered, and bearing so great 
a similarity to reactions heretofore con- 
sidered, is that used by E. R. Long and 
his student. Long (97) determined that 
guinea pigs experimentally infected with 
tuberculosis of mild virulence intraperi- 
toneally or in the axilla, twenty days or 
longer, show a most striking reaction 
when one testis is reinoculated with 
tubercle bacilli. Within twenty-four 
hours the inoculated testicle becomes 
swollen and extremely hyperemic and 
edematous. Sectioned, the testicle shows 
marks of degeneration of the germinal 
tissue and within one month practically 
all germinal cells are destroyed. The 
opposite uninjected testicle, or an injected 
testicle in a nontuberculous animal, does 
not exhibit the inflammatory reaction or 
degeneration. Carrying the observations 
farther Long showed that intra-testicular 
injections of tuberculin (0.01 cc. O.T.) in- 
to previously mildly infected animals was 
similarly followed within twenty-four 
hours by great swelling, edema, hyper- 
emia, and early sloughing of the germinal 
portion of the seminiferous tubules; with- 
in four weeks after such injections all 
germinal cells with the possible exception 
of spermatogonia have been removed from 
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the organ. Along with the tubular 
degeneration “*.... the interstitial cells 
(of Leydig) have proliferated in a striking 
manner.” ‘‘At this period (24 hrs.), 
when the testicle of the previously in- 
fected guinea pig is so highly inflammed, 
the testicle of the noninfected one shows | 
little or no change either grossly or 
microscopically. Tuberculin, so destruc- 
tive to the testicle of the infected guinea 
pig, is absolutely nontoxic for the testicle 
of the normal animal.’’ Spermatocytes 
and spermatids appeared the more sus- 
ceptible, spermatogonia and spermatozoa 
more resistant. Similar reactions to other 
hypersensitizing agents are reported by 
Long and Seyfarth (98) and Seyfarth (168). 

In these conditions it is clear that we are 
not dealing with a primary infection in 
the organ but witha reaction between sub- 
stances produced in an organism from an 
infection and some substance of an anti- 
body nature. The reaction produced be- 
tween the two substances is therefore to 
be considered the causal factor in destruc- 
tion of the germinal elements. Since 
the marked inflammatory reaction occurs 
within such a short time it appears that — 
we may have to deal again with a tem- 
perature factor. 


VIII. TESTICULAR REACTIONS UNDER OTHER 
CONDITIONS 


Sickness. It has been known at least 
since 1882 that often the testes become 
aspermatic in certain types of illness 
whereas in other types, even chronic 
conditions, the spermatogenetic function 
may continue unimpared. Busch (32) 
reported on the spermatozoon condition 
of the testes of one hundred autopsy cases. 
In all cases of sudden death, whether 
through accident or suicide, the testes 
were found to contain spermatozoa. In 
acute cases (not over four weeks duration 


of sickness) 15 per cent showed a lack of 
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spermatozoa, whereas in longer sicknesses 
(complicated pulmonary infections, pneu- 
monia, etc.), 31 per cent of cases lacked 
spermatozoa in the testes. Hansemann 
(68) studied the testis of human autopsy 
cases and determined that often the testes 
have been deprived entirely or partially of 
the germinal portion following pneumonia 
and typhus fever; in tuberculosis certain 
lesions may produce localized destruction 
but in the unimpaired portions spermato- 
genesis has continued. Cordes (38) ex- 
amined the testes from human atutopsies 
after common diseases such as ppeumonia, 
scarlatina, peritonitis, meningitis, etc. 
Many of those dead of relatively rapid 
pneumonia or other febrile conditions 
lacked spermatozoa but retained a fairly 
well defined germinal epithelium. In 
general, the longer duration of the com- 
mon diseases was accompanied by the 
greater testicular degeneration; in many 
cases there was complete loss of the germi- 
nal cell line with the possible exception of 
a few scattered spermatogonia. Mills 
(110) and Wolbach (211) studied testes 
obtained from autopsy of army recruits 
dead in camp from influenza and pneu- 
monia. Mills in particular follows out as 
closely as he was able the correspondence 
of the testicular condition and the type of 
affliction; many of the cases were com- 
plicated with measles, epidemic influ- 
enza, etc. but he states that ‘‘roughly 
the severity of the injury corresponds 
directly with the duration of the pneu- 
monia as closely as with any other single 
variable factor."’ The injury noted con- 
sisted of the disappearance of various 
cells in the epithelium of the seminiferous 
tubules, sloughing of the epithelium into 
the lumen with cellular destruction, and 
in more severe cases all germinal cells 
except spermatogonia had been removed 
from the tubules. Mills makes a futile 
attempt to correlate the different types of 


degeneration with a common cause such 
as pure infections, complications, dura- 
rion of infection, or with the infectious 
organism involved, and comes to the con- 
clusion that ‘‘In the absence of definitive 
evidence to the contrary, the cause is 
assumed to be circulating toxins . . . .” 

At the time of this writing the effects of 
higher temperatures in causing rapid 
degeneration of a sjmilar nature in per- 
fectly healthy testes was not known. 
It appears highly probable, from our 
experiments with higher temperatures, 
that the mere febrile condition alone 
is sufficient to produce all the types and 
grades of degeneration described. This 
appears all the more probable in view of 
the close correlation between the duration 
and the state of degeneration; rapidly fatal 
infections are in general correlated with 
testicular injury of a lesser grade than in 
more prolonged sicknesses. It is believed 
that this common explanation (high 
temperatures) for so many different cases 
of germinal epithelium destruction can be 
invoked here as the real cause of testicular 
degeneration following febrile sickness. 
It is well known that patients recovering 
from severe and prolonged fevers of differ- 
ent kinds are not rendered permanently 
sterile. This is in keeping with the 
general findings that where spermato- 
gonial cells survive the destructive effects, 
complete regeneration of the testes follow. 

Alcohol. It has been shown in many cases 
that the germinal tissue of the testicle of 
man and experimental animals is very 
susceptible to injury by alcohol when no 
perceptible injury is detectable in other 
organs of the body. Busch (32) noted 
that confirmed drunkards often showed a 
diminished amount of spermatozoa or an 
entire absence of them, particularily so 
when alcoholism was accompanied by 
cirrhosis of the liver. Simmonds (170) 
found an azoospermic condition one 
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hundred and twenty-five times among one 
thousand human autopsies. Of this num- 
ber 7 per cent were cancerous, 14 per cent 
afflicted with chronic nervous disturbances, 
18 per cent with phthisis, and 60 per cent 
were chronic alcoholics. He determined 
that among all autopsied human males 
there was a greater number sterile from 
the use of alcohol than from venereal 
diseases. Bertholet (16), and Weichsel- 
baum and Kyrle (200) likewise show that 
testes of chronic alcoholics are degenerate; 
histologically different grades of injury 
have been illustrated by the latter writers. 
Degeneration from the use of alcohol is 
quite similar to the type found after 
elevation of temperature; spermatocytes 
and spermatids are often found loose in 
the lumen of the seminiferous tubule 
undergoing degeneration. Other tubules 
have been described as consisting of a 
vacuolated epithelium apparently caused 
by degeneration and liquefaction of cells 
locally in the meshes of the Sertoli 
reticulum. More severe injury involves 
all germinal cells with the exception of 
a few spermatogonia. Bertholet found 
that only two men out of thirty-nine 
habitual drunkards autopsied failed to 
show some degree of testicular degenera- 
tion. 

The interstitial cells in alcoholic de- 
generation have been described as hyper- 
trophied and in some cases as little 
changed. In general the testes are some- 
what more firm and usually slightly 
sinaller than normal. The seminiferous 
tubules are often of smaller diameter than 
normal ones. 

Bouin and Garner (26), Arlitte and 
Wells (5), Allen (3) and Kostitch (79) 
have determined that feeding alcohol to 
normal rats causes the testes to show 
degeneration changes. There is a general 
agreement among these writers that 
degeneration follows in the reverse order 
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of production of the different elements of 
the germinal line; thus spermatozoa are 
often absent from testes that contain a 
fairly normal germinal epithelium. More 
severe injury is to be associated with both 
a sloughing of the spermatocytes and 
spermatids into the lumen, or a local 
cytolysis in situ and the consequent 
vacuolated condition of the Sertoli syncy- 
tium. The usual condition, perhaps, is 
to find some spermatogonia that appar- 
ently have not been affected. 

With experimental alcoholism, as in 
chronic alcoholism in the human, the 
interstitial tissue is reported both as 
greatly hypertrophied and as practically 
normal. 

Under the influence of alcohol, there- 
fore, we find testicular degeneration of 
similar grades to those effected by high 
temperatures. It is a question whether 
there is any relation between the action of 
the causal agents in the two conditions 
but each serves to emphasize the labile 
nature of the cells of the reproductive line. 
The possibility of regeneration from 
uninjured spermatogonia is likewise com- 
mon to the two conditions. 

Dietary deficiencies. Allen (3) studied 
the testes of albino rats reared on a diet 
deficient in the water soluble vitamine 
(Osborne and Mendel). Rats that were 
otherwise normal had experienced degen- 
eration of their germinal tissues. A 
usual condition was to find an entire lack 
of spermatozoa but in some of the animals 
the effects had been so severe that all cells 
of the germinal line have been reported 
absent, the seminiferous tubules contain- 
ing only the Sertoli reticulum. At times 
the interstitial tissue was increased and 
in other testes approximately normal. 

Mason (107) studied the testes of white 
rats after feeding with a basic diet suffi- 
cient to maintain a normal growth curve 
and good health of the colony. After the 
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attainment of sexual maturity male rats 
fed on the diet experienced a progressive 
degeneration of the germinal tissues. 
Spermatozoa were the first cells affected 
and these were followed in turn by sperma- 
tids and spermatocytes. Usually the sper- 
matogonia were retained along with the 
Sertoli tissue. The interstitial cells ap- 
peared to remain normal. When to the 
stock diet, a small amount of lettuce was 
added the testes were unaffected. Mason 
consideres the cau:- of degeneration to be a 
lack of Vitamine X (Evans and Bishop). 
He states that recovery from degeneration 
does not follow within seventy-five days 
after placing the animals on a normal diet. 
If spermatogonia are present, however, 
and uninjured, it would appear from other 
considerations that recovery should follow 
on return to normal diets. 

We see therefore that the testis, in 
reference to its germ cell differentiating 
Capacity, is an extremely sensitive organ. 
Many other conditions, not considered 
here, would only serve to emphasize its 
labile nature. There is yet much to be 
learned in its biology but it is evident 
that considerable progress has been made. 
Cross currents in the advance of our 
knowledge concerning the gametogenetic 
function are confusing but having con- 
sidered a few of the major trends in this 
advancement we now come to consider 
the testis as an organ of internal secretion. 


IX. INTERNAL SECRETION OF THE TESTIS 


General considerations. It has _ been 
thoroughly appreciated for centuries that 
removal of the testicle from man or ani- 
mals has an effect upon the entire or- 
ganism. The present day custom of 
castrating domestic animals is an old one, 
and the Eunuch is referred to in biblical 
literature. It is clear that in general the 
testicle exerts some influence upon the 
character of the animal that leads to the 


production of a more or less well defined 
masculine type. In domestic animals this 
is at times indicated by characteristic 
body form; in some ruminants hom 
growth is a specific male character. In 


.man body form is not always clearly 


indicative of masculinity, but certain 
skeletal structures such as the pelvis is 
usually quite specific in form; growth of 
the larynx and the attendant coarseness 
of voice is relatively diagnostic; hair 
tracts on the body of man differ to some 
extent from those of woman, and within 
somewhat narrower limits the growth of 
beard and mustache on the face. The 
entire accessory organs of reproduction 
in the male are dependent upon the 
testis for their complete development; 
penis, seminal vesicles (where present) 
vas deferens, and prostate remain charac- 
teristically infantile when the testes have 
been removed at an early period in life. 
In both man and animals testis removal 
has been held to favor growth in length of 
the long bones (69, 141, 167, 186) due 
to delay in ossification of the epiphyses; 
many cases of overgrowth of bones fol- 
lowing castration have been reported but 
in the guinea pig such differences if present 
at all are minimal (117). Finally the 
psychic nature or the attitude of the male 
to the female in both man and animals 
appears to be quite largely conditioned 
by the sex glands, though it appears to be 
a question whether they are wholly de- 
pendent upon testicular influences. It 
may be suggested that in attempting to 
define the testicular influence upon both 
somatic and psychical characteristics many 
writers have allowed their ardor to carry 
them into dangerous territory and have 
added confusion to the ‘problems rather 
than restoring order. 

Steinach (177 to 183) in his celebrated 
work of hormone analysis in rats and 
guinea pigs has used as indicators of 


secretic 

Such 
tionabl 
than in 
sex and 
operatic 
transpl. 
may as 
sixty y 
due to 


spermat 
the enti 
be restc 
whether 
Rest, ge 
wonders 
Operatioi 
ten credi 


QUAR, 


mascul 
i: deposit 
cal nat 
has crit 
that tk 
males 
are the 
sex. Su 
well d 
gerous | 
to adva 
his sext 
where |] 
is consi 
Under 
embody 
bined 
| testis tr 
gestion 
most re 
referenc 
clinatio: 
found ir 
points c 
possess 
tozoa a 
years. 
tempora 


masculinity certain types of hair coat, fat 
deposition, size, weight, and the psychi- 
cal nature. Moore (112, 115, 116, 117) 
has criticised these criteria on the grounds 
that they are not sufficiently diagnostic 
to enable one to choose between normal 
males and females in a mixed colony, and 
are therefore questionable indicators of 
sex. Such characters as are not sufficiently 
well defined or characteristic are dan- 
gerous implements with which to attempt 
to advance our knowledge of the internal 
secretion of the sex glands. 

Such misleading applications of ques- 
tionable indices is nowhere more apparent 
than in the clinical literature concerning 
sex and the effects of supposedly remedial 
operations such as vasectomy and testis 
transplantation. For the purpose, one 
may assume that a man of -fifty-five to 
sixty years of age is prematurely senile 
due to slowing down of the activity of 
his sexual apparatus; cases are on record 
where lack of spermatozoa in the semen 
is considered adequate proof of senility. 
Under these conditions hospitalization 
embodying rest and excellent care, com- 
bined with a vas deferens ligation, or a 
testis transplantation, and plenty of sug- 
gestion and anticipation, have produced 
most remarkable results particularily in 
reference to the reassumption of sex in- 
clinations; spermatozoa may again be 
found in the semen. Busch (32) in 1882 
points out that men of eighty years may 
possess functional testes producing sperma- 
tozoa and likewise men above ninety 
years. Many conditions may lead to a 
temporary azoospermy but as long as 
spermatogonia remain capable of activity 
the entire seminal line can undoubtedly 
be restored if the unfavorable causes, 
whether mental or physical, be removed. 
Rest, good care and psychology work 
wonders along with, perhaps, a harmless 
operation, but the operation is all too of- 
ten credited with the entire improvement. 
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Castration in man undoubtedly has a 
great psychical effect upon the individual 
but certain observations if rightly con- 
sidered should temper our conclusions that 
the entire psychical reaction is condi- 
tioned by substances poured into the body 
from a testis or a graft. In 1801 Sir 
Astley Cooper (39) removed the second 
testis from a man semicastrated two years 
earlier. Cooper following this case for 
twenty-nine years, reports the patient 
experiencing an emission on the third 
night after operation. Similar observa- 
tions have been reported following testis 
transplantation with the implications that 
the effects of the testis transplant have this 
early become detectable. During the 
first year after total castration Cooper's 
patient experienced emissions in coitus. 
Two years after operation erections were 
strong but relatively transient. A general 
decline was noted, but twenty-eight years 
after the removal of both testes erections 
were experienced as well as erotic dreams 
and sensations of emissions. It is like- 
wise instructive to follow the reports on 
the psychical nature of the Skopecs 
studied by Tandler and Grosz (186, 187, 
188). This religious sect, practicing cas- 
tration of young males, are in general of 
two types: one grows to excessive height 
and are lean individuals whereas the sec- 
ond is characterized by excessive fat 
deposition. The voiceischaracteristically 
boyish and it is well known that many 
famous male choirs and soloists are in- 
dividuals castrated for the purpose of 
producing a voice of a particular caliber. 
These Skopecs, according to Tandler and 
Grosz, appear to be a long lived group of 
people, which would appear to minimize 
the contentions of certain rejuvenation 
advocates that the life of an animal can be 
prolonged by vasectomy or testis trans- 
plantation. Like Cooper, Tandler and 

Grosz maintain that sexual desire is not 

entirely abolished by total castration. 
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They report one individual totally cas- 
trated for twenty-one years, as exercising 
coitus almost daily and with slight emis- 
sions. Erections were strong but not 
greatly prolonged. It is likewise reported 
that those upon whom the ‘Great opera- 
tion” had been done (removal of both 
testes and penis) often find pleasureable 
associations with females and actually 
experience a type of sexual orgasm. 

From such considerations, therefore, it 
would appear that conclusions from opera- 
tion on men have not always been stated 
with caution and much of the literature 
dealing with the effects of sex gland 
manipulations cannot be highly regarded. 

Work on the effectiveness of sex glands 
in the experimental animal is likewise 
often misleading because of a lack of 
appreciation of the limitations of indices 
employed to grade the effectiveness. It is 
usually considered that a male animal 
shows no inclination towards females after 
the removal of its testes, but Moore (116) 
reported castrated male guinea pigs carry- 
ing ovarian grafts sufficiently effective to 
modify the mammae of the male, still 
acting strongly the part of the male. 
Indeed he has observed male guinea pigs 
castrated at thirty days of age that con- 
tinued to show strong male reactions in the 
presence of females for sixteen months; 
the male sex call, pursuit and attempts at 
mounting the female were so positive that 
the animal was employed as a test animal 
to detect females in heat. 

Source of the internal secretion. Admitted 
that the testis does exercise an influence 
upon the organism that results in the 
production of the specific male characteris- 
tics, the attention of many workers has 
been directed toward the localization of 
the source of such an internal secretion. 

The work of Berthold (17) gives a 
starting point in such analyses. He 
determined in the bird that the testis 


could prevent the animal from becoming a 
capon after its removal from the normal to 
a foreign position if it became vascularized 
and persisted; the testis placed in the 
abdomen and supplied by blood vessels 
from the intestine kept the cock normal 
for some months whereas complete re- 
moval produced a capon. He believed 
the active principle involved was a sub- 
stance liberated into the blood stream 
that exerted a gradual influence over the 
entire body and that nervous transmission 
from the testes was not involved. 

It was perhaps logical to consider that 
the generative portion of the testis was 
responsible for the production and main- 
tenance of the secondary sex characters as 
well as for the production of mature germ 
cells. Brown-Sequard (31) on the as- 
sumption that an active functional testis 
was responsible for the health and vigor of 
the young, injected subcutaneously into 
himself an extract made from the young 
testis of dogs and rabbits. At the begin- 
ning, a very feeble old -man, he believed 
that he derived great benefits from such 
injections. He maintained that his muscu- 
lar strength, vitality and youthful ire were 
stimulated and that he was able to con- 
tinue his scientific work for many years 
longer than he otherwise would have 
been capable. 

It was appreciated long before this time, 
however, that man and animals with 
undescended testes retained their virility 
despite the consequent sterility (Goubaux 
and Follin (57), Godard (54), Monod 
and Arthaud (111)). Griffiths (59) is 
remarkably clear in calling attention to 
the fact that the general influence of the 
testis on the animal is entirely inde- 
pendent of its spermatozoon producing 
Capacity. 

Leydig (86), in his comparative ana 
tomy studies on the different mammalian 
testes, described for the first time certain 
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large cells containing fatty spherules and 
pigment, as a constant occurrence in the 
connective tissue stroma between the 
seminiferous tubules. The significance of 
these cells, commonly known as the in- 
terstitial cells of Leydig has been a point of 
contention for many decades (Jacobson, 
Lubarsch, Reinke, Stieda, Plato, von 
Lenhossek, Bouin and Ancel, Felizet and 
Braca, Regaud and Policard, etc.). 
These cells have been studied in a large 
number of mammals and though a con- 
stant feature of the testis they have been 
found to vary greatly in amount, distribu- 
tion, and types of cellular inclusions. They 
appear in relatively large quantities in the 
embryonic testis, in apparently diminished 
quantities as the testis develops, but pres- 
ent throughout life, and again somewhat 
more numerous in an old atiimal, or man 
(Plato, Bouin and Ancel, Kasai, Allen, 
Whitehead). 

Among the older writers some were of 
the opinion that the interstitial cells 
represented merely an embryonic rudiment 
left in the testis during its formation and 
had no other significance, but later work- 
er came to view the elements as modified 
connective tissue cells having some partic- 
ular functional significance. Von Ebner 
observed that the enclosed pigment’ was 
more pronounced in older than in younger 
animals. Jacobson (76) noted that in 
pathological conditions the interstitial 
cells were apparently increased in amount 
while Hansemann (68), in the hibernating 
marmot, noted that Leydig cells were not 
in evidence but that two months after 
hibernation the testis presented the picture 
of a sarcoma due to the tremendous in- 
crease in the amount of Leydig cells; 
under pathological conditions, likewise, 
he noted great variation in the amount of 
these cells. 

In attempting to determine the signifi- 
cance of the interstitial cells the current 


ideas of the time centered around the con- 
ception of the Leydig cells as a trophic 
organ responsible for the nutritional re- 
quirements of the generative tissue of the 
testicle. Plato (139, 140) representing 
this type of opinion, believed that these 
cells, located between the blood vessels 
and the seminiferous tubules, extracted 
materials from the circulation, elaborated 
the fat and pigment (which in general he 
considers only different phases of the same 
process) and passed these substances 
through the basement membrane into the 
seminiferous tubules were he attempted to 
trace their distribution from the Sertoli 
cells to the different cells of the germinal 
line. He figures small caniliculi through 
the basement membrane containing a 
stream of the elaborated material from 
Leydig cells into the tubules. 

A year earlier Reinke (150) described 
elongated, blunt, crystalioid rods in the 
interstitial cells of a tuberculous human 
testicle. These he found in normal human 
testes from the fifteenth to the sixty- 
fifth year and believed they represented 
the elaborated products of the cells. He 
believed the Leydig cells secreted these 
bodies and from materials detected in the 
lymphatics concluded that the materials 
were discharged into these channels, 
mildly suggesting that they might repre- 
sent a product having to do with the 
sexual ardor of the male. 

Many different inclusions such as acido- 
phile and basophile granules, crystalloids, 
fatty spherules, different pigments and 
other types of stained materials have been 
described from different mammalian testes 
and at least until 1903 the general opinion 
was held that these substances represented 
the secreted products destined for nutrition 
of the-seminal portion of the testis. 

In 1903 Bouin and Ancel after an 
elaborate histological, cytological and 
experimental group of researches brought 
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forward a new point of view regarding 
the significance of the interstitial cells 
that has stimulated renewed interest in 
the entire field of sexual biology. Their 
own detailed cytological studies (22) and 
those of their predecessors appeared to 
establish beyond all doubt that the inter- 
stitial cells were glandular in nature and 
function. Admitting, with many of their 
colleagues and predecessors, the proba- 
bility that the secretion products of these 
cells were nutritive substances for the 
germinal cells, they believed that all of it 
was not so utilized and that fundamentally 
the interstitial portion and the generative 
portion of the testis are independent 
tissues. They point out: (1) that the 
interstitial cells are to be found in inten- 
sive secretory activity long before the 
activity of the germinal portion is initi- 
ated. (2) This interstitial tissue is present 
throughout life in all mammals, and is of 
a common secretory type though differing 
in minor details as to inclusions. (3) 
After the germinal portion has ceased to 
be active in old animals the interstitial 
cells continues to secrete. (4) They be- 
lieve that the primary distribution of the 
Leydig cells is around blood vessels rather 
than in close opposition to the basement 
membrane of the tubules. They trace 
secretory products discharged into the 
lymphatics rather than into the semini- 
ferous tubules. (5) In cryptorchid testes 
there is no germinal tissue whereas 
Leydig cells are present in an overabun- 
dance and actively secreting. (6) After 
certain diseases the generative portion has 
suffered degeneration but intersitial cells 
are retained and are actively secreting. 
(7) They maintain that occluding the 
vas deferens causes a loss of all the genera- 
tive portion of the testis but a retention, 
perhaps an increase, of interstitial tissue. 
From these and other considerations 
they argue that since there is no inter- 


dependence between the interstitial tissue 
and the germinal tissue, and that since 
an animal may loose all its generative 
portion without showing any signs of 
castration, there must be other tissues in 
the testis than the germinal line that are 
responsible for the maintenance of the 
secondary sex characters. Their histo- 
logical and cytological studies failed to 
show any secretory activity in portions of 
the testis other than the interstitial cells 
and they therefore conclude that the 
interstitial cells manufacture a substance 
that is poured into the general circula- 
tion—and internal secretion—which is 
responsible not only for the production of 
the secondary sex characteristics but at 
the same time for their maintenance; the 
aggregate features of maleness are there- 
fore conditioned by the secretions from 
interstitial cells alone and this function is 
separate from, and independent of, the 
production of germ cells. We now know 
that their conception of the effects of vas 
deferens occlusion were wrong (see sec- 
tion IIIT) but the fact remains that by 
whatever means the condition is brought 
about, an animal will retain its morpho 
logical secondary sex characteristics and 
its sexual ardor in the absence of at least 
all cells of the germinal line with the 
possible exception of spermatogonia. 

The internal secretory activity of the 
interstitial cells had been mildly sug- 
gested by earlier workers (Reinke (150), 
Regau and Policard (149)) but it remained 
for Bouin and Ancel to develop the idea 
into a well formed hypothesis. Extend- 
ing the conception by experimental and 
morphological studies (24, 25) they have 
attempted to correlate the amount of 
interstitial tissue with graded sex differ- 
entiation. Thus by removal of a normal 
testis from the pig, with one testis re 
tained in the abdomen, they believed it 
demonstrated that the interstitial tissue 
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of the remaining testis undergoes a com- 
pensatory hypertrophy—an approximate 
doubling in amount of interstitial tissue— 
to restore the loss conditioned by removal 
of the descended testis. In cryptorchid 
pigs they make an attempt to correlate 
degrees of differentiation of the reproduc- 
tive system and the interstitial cell con- 
tent of the testes. They, furthermore, 
carry the conception to the extent of 
making the interstitial cells responsible 
for the determination of the sex of the 
primordial germ cells. 

A tremendous stimulus to the concep- 
tion of the interstitial tissue as the internal 
secretory portion of the testis was given 
six years later by Steinach (177 to 183). 
The work also of Sand (157 to 164) and 
Lipschutz and his students (91 to 95) has 
added a great deal of confirmatory evi- 
dence and new observations. 

Steinach studied principally the effects 
of castration and subsequent gonad trans- 
plantation in both sexes of the rat and 


guinea pig, and the effects of ligation of the 


vas deferens in the male. He showed 
that castrated males in which testis 
: grafts had been growing retained all their 
secondary sex characters instead of re- 
verting to merely castrated animals. 
Since the graft tissue consisted primarily of 
Leydig cells he considers these to be the 
source of the sex hormones; these cells 
were not only retained but were believed 
to have undergone a compensatory hyper- 
trophy. The seminiferous tubules were 
always degenerate and contained only the 
Sertoli reticulum; cells of the generative 
line were always lacking. Similarily, in 
ligating the vas deferens, Steinach re- 
ported that the generative portion suffered 
degeneration and in some manner the 
Operation stimulated increased develop- 
ment of Leydig cells. These cells, be- 
lieved thus to produce an excess of hor- 
mone, were then indirectly responsible 


for stimulating the entire organism and, 
according to his account, the testes of 
senile animals previously devoid of germ 
cells would again become active and a 
renewed germinal cell activity would fol- 
low. The animal was believed to have 
been rejuvenated, thus becoming a younger 
animal in all its characteristics. Such 
operations, largely due to Steinach’s 
reports, are now being employed as 
remedial measures both on imental 
animals and on man (Steinach (183) Sand 
(163), Benjamin (12)). The experimental 
work of Sand is largely confirmative of 
Bouin and Ancel and Steinach. He main- 
tains, with Bouin and Ancel, that uni- 
lateral castration causes compensatory 
hypertrophy of Leydig cells in (experi- 
mental) cryptorchid testes. 

The experimental work of these biolo- 
gists stimulated anew the study of the 
histological structure of Leydig cells with 
attempts to find the specific secretory 
products. Whitehead (202 to 208) has 
described many types of apparent secretory 
products in Leydig cells of different mam- 
mals. Fatty granules or vacuoles appear 
in most testes but in a few the fatty 
material is almost wholly absent. Pig- 
ment materials of many varieties have 
been noted and granules of a protein 
nature as well as crystalloids have again 
been brought to our attention. Wagner 
(197) has recently reviewed the literature 
and added observations to this field of 
work. He is convinced that the cells 
are secretory and that the products can 
be traced into the lymphatics; he believes 
the individual cell is not destroyed in 
liberating the secretory products (see also 
Cejka (34)). 

Added correlation between hormones 
and interstitial cells is found in the study 
of the free-martin by Lillie and his 
students (88, 89, 90, 7, 36, 210). The 
free-martin (a female calf cotwin with a 
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male) is modified sexually when by a 
fusion of the embryonic membranes an 
intermixture of blood, from the male and 
the female in utero, is permitted. The 
effective modification is detectable at an 
early stage and has been found to be effec- 
tive just after the appearance of Leydig 
cells in the embryonic testis (Lillie and 
Bascom (90) Bascom (7)). The effective- 
ness of the modification is so great that a 
determined female may be caused to pro- 
duce testes out of undifferentiated ovaries 
(Lillie, Chapin, Willier, Bissonnette). 

Thus there has developed a relatively 
strong case in favor of the interstitial 
cells as the source of the internal secretion, 
or hormone, of the mammalian testis (the 
case is somewhat similar in other verte- 
brates). But if we examine critically the 
main points of contention it will become 
apparent that the question is by no means 
definitely settled. 

1. The experiments on vas deferens 
ligation (see section IID) from the mor- 
phological side may now be ruled out. 
It has been bountifully shown that occlu- 
sion of the vas deferens in the dog, guinea 
pig, rat, rabbit, sheep, cat, pig and man 
causes neither degeneration of the genera- 
tive portion of the testis nor hypertrophy 
of the interstitial cells. What, then, of 
rejuvenation by this means (Steinach, 
Sand, Haire, Schmidt, Benjamin)? 

The criteria employed in experimental 
animals are of such a nature and so varia- 
ble among individuals as a whole that it is 
capable (by selection) of being applied 
either for or against the hypothesis; 
and certainly it is selection to choose two 
positive cases of degeneration as against 
thirteen negative cases and yet hold that 
the operation gives positive effects (159). 
Among animals there may appear certain 
lassitude, loss of hair, sex disinclination, 
loss of weight and combative ability in old 
age but it is not so clear that such condi- 


tions are due to lack of sex hormones, 
This is all the more confusing for the 
hypothesis when so many have stated 
that interstitial cells are much more 
abundant in testes of old animals and man. 
The same decrepit indicators occur many 
times in males, of animal colonies with 
both testes present, that are much younger 
than the average sex life of the animal. 
Good care and particular attention often 
restores such animals to sleek coated 
vigorous animals. In short, nutritional 
disturbances, parasitism, and general in- 
fection may produce these symptoms. 
Steinach himself has discussed the inherent 
difficulties of properly judging an animal 
a fit candidate for rejuvenation. In man, 
likewise, some of the most remarkable 
effects of rejuvenation through vas deferens 
ligation have been reported on individuals 
under fifty years of age (see Haire (63), 
Schmidt (166)) whereas many men are 
sexually active for much longer periods 
(see Busch '82). It is merely granting an 
assumption to accept the statement that 
such individuals are prematurely senile due 
to a dimunition of their testicular secre- 
tions. No one has yet proven that an 
individual castrated early in life is shorter- 
lived or more decrepit than a man in 
possession of his testes. Indeed Tandler 
and Grosz (187, 188) maintain that the 
Skopecs are a long-lived group of people. 

It is unnecessary to enter into a discus- 
sion of the effects of suggestion and 
psychology in general, on matters relating 
to sex in the human individual. It is a 
condition of mental attitude which in our 
modern civilization is useless as a qualita- 
tive or quantitative indicator of effective- 
ness of operative procedures (see section 
IV). Vasectomy, as a remedial, reju- 
venating procedure has failed to justify 
its utilization. Moreover the very basis 
of the conception has been proven false. 

2. Compensatory hypertrophy of the 
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interstitial cells has been one of the chief 
objective conditions that has led to the 
contention that in this tissue resides the 
source of the internal secretions of the 
testis. Bouin and Ancel note an apparent 
doubling of this tissue in a unilateral 
cryptorchid testis if the opposite one had 
been removed earlier. They believe this 
increase compensated for that lost in 
removal. Steinach claims that hyper- 
trophy occurs in all testis grafts. Prac- 
tically all writers on cryptorchid tests 
maintain that this tissue has been in- 
creased. We may therefore inquire, first, 
whether compensation is necessary and the 
tissue reactions of any significance from 
the internal secretory viewpoint and, 
second, whether there is an actual hyper- 
trophy of the Leydig cells. 

It is well known that the loss of one 
testis leads to no diminution of the 
secondary sexual characteristics in ani- 
mals or man. Dspite the contentions of 
earlier writers that a single remaining 
testis does become larger than normal 
Lipschutz (92) holds that attainment of 
ultimate size is only more rapid and that 


in the end neither generative nor intersti-— 


tial parts are in any way increased above 
the normal. Furthermore Lipschutz and 
his coworkers (95) have proven that 1 
per cent of the normal testicular mass is 
sufticient to maintain all the secondary 
sexual characteristics. These facts lead 
one to question the significance usually 
attributed to the compensatory hyper- 
trophy where such a condition actually 
follows in single or double cryptorchid 
testes. If 1 per cent of the normal testicu- 
lar mass is all sufficient for the animals’ 
need, of what significance is interstitial 
cell hypertrophy in each of two complete 
testes that have remained in the abdomen? 
Hypertrophy of Leydig cells has been 
held to exist in cryptorchid testes, cases 
of obliterated vas deferens, testis grafts, 


after X-ray treatment, excessive tempera- 
tures, use of alcohol (chronic or experi- 
mental), diseases of many kinds, dietary 
deficiencies and other conditions. Can 
such conditions have any significance for 
the internal secretory needs of the animal? 
Is it really true that hypertrophy occurs? 
In brief, practically any condition leading 
to loss of the generative cells is accom- 
panied by apparent Leydig cell hyper- 
trophy. This may be true for the testis 
as a whole or minor local portions of it 
(Kyrle (82)), yet these cells are rarely 
noted in mitosis. When the germinal 
epithelium is lost from the seminiferous 
tubules these latter characteristically de- 
crease in size (122). With a decrease in 
diameter of the tubules the testis as a 
whole becomes appreciably smaller and if 
there were actually no increase in the 
number of Leydig cells they would 
naturally be restricted to a smaller area 
and thus exist, relative to number of tubules; 
in an overabundance. In a given micro- 
scopic field therefore, there would be a 
great increase in Leydig cells. Deter- 
mination of hypertrophy has been made in 
this manner and it must be emphasized 
that a quantitative increase in a given 
microscopic field is no criterion of the ac- 
tual content in the entire organ. This 
question has been discussed in another 
place (Moore (122) and it is considered 
that compensatory hypertrophy not only 
does not exist but also that any slight 
increase in number or size of Leydig cells 
loses its significance gs being a quantita- 
tive indicator of the internal secretion of 
the organ. Quantitative methods care- 
fully employed should be a great factor 
in settling the present controversy of 
compensatory hypertrophy of the cells of 
Leydig. The commendable attempt of 
Bascom (8) will undoubtedly give us much 
more exact information than has hitherto 
been available. In contrast to Bouin and 
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Ancel, Hanes, and Sand, Bascom, using 
his quantitative method, maintains that 


there is not an hypertrophy of Leydig _ 


cells in unilateral cryptorchid testes after 
removal of the opposite one. 

In testis grafts, contrary to Steinach and 
Sand, it has been found that, more often 
than not, there is a lack of apparent 
hypertrophy of the Leydig cells (Moore 
(125)). Apparent imcreases may occur 
in these grafts but it occurs just as readily 
in grafts residing in normal females, 
where with both ovaries present there 
cannot be a question of the need of in- 
creased secretion, as in castrated males. 
Such increases were found without any 
definite relation to any secretory need or 
sexual condition of the host animal. 
In castrated males, for example, grafts 
may show large interstitial areas, one 
graft revealing a large group of typical 
Leydig cells and another relatively devoid 
of them, having instead ordinary connec- 
tive tissue cells between the tubules. It 
cannot, therefore, be accepted in principle 
that Leydig cells undergo hypertrophy in 
testis grafts. 

3- The seasonal cycle of the testes 
shown by some hibernating animals 
breeding but one a year reveals striking 
changes in the different tissue of these 
organs. Hansemann (68) observed that 
the hibernating marmot had only slight 
amounts of connective tissue between the 
seminiferous tubules and no typical Ley- 
dig cells; spermatogenesis was in abey- 
ance. Two months after the awakening 
period, in the height of its breeding sea- 
son, Leydig cells were so large and 
numerous as to give to the testis the ap- 
pearance of a large-celled sarcoma. Could 
it be that their activity here was definitely 
responsible for the occurrence of the 
seasonal cycle? Ganfini (52a) stated that 
Leydig cells were not absent from the 
testes of this animal but were only much 


smaller during hibernation. Regaud 
(144) found in the mole a different rela- 
tionship of the testis elements; active 
spermatogenesis was not accompanied by 
interstitial cell hypertrophy. After the 
breeding season the interstitial cells be- 
come maximal and so remain after the dis- 
appearance of the generative portion; this 
is subsequent to the breeding season. 
Tandler and Grosz (189) likewise note that 
the testes of the breeding mole have few 
interstitial cells. As the generative por- 
tion receds to its minimum development 
the interstitial cells hypertrophy to their 
maximum development and _ staining 
ability. In the hedgehog Marshall (104) 
finds a correlation between maximal 
interstitial cell development and testicular 
activity whereas Rasmussen (142) in the 
woodchuck finds that interstitial cell 
increase follows considerably behind that 
of generative tissue activity. When the 
reproductive portion is again at its mini- 
mum state of activity the interstitial cells 
are maximal. It is seen; therefore, that no 
definite correspondence is to be found 
between the interstitial cell activity and 
the breeding period or the process of 
gametogenesis. Two hibernating mam- 
mals may be entirely opposite in the 
relationship between increase of Leydig 
cells and the reproductive activity. 

In conclusion one is impressed with the 
conflicting opinions and lines of evidence 
relating to interstitial cell activity and the 
internal secretory furiction of the testis. 
The features most impressive to Bouin and 
Ancel, Steinach and others appear to be 
open to decided question, and, for many 
of their opinions there now appears to bea 
different explanation. Leydig cells in 
their formation and their increase in 
testicular changes are apparently ordinary 
connective tissue cells that have uader- 
gone a change (Plato, Bouin and Ancel, 
Allen, Whitehead, Hofmeister, Kasai, 
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Sand, Moore, Oslund, Kyrle, Rasmussen, 
Wagner and others); few modern writers 
hold the old conception that they are 
epithelial in origin. When the generative 
portion suffers a decline the interstitial 
cells become prominent and when re- 
generation occurs these appear to return 
to the ordinary connective tissue state. 
In other terms, there appears to be some- 
what ofa balanced relationship between the 
Leydig cells and the generative portion, 
perhaps harking back to the nutritional 
viewpoint initiated by Plato and sub- 
stantiated more recently by Kyrle. The 
so-called compensatory hypertrophy ap- 
pears to be a reaction of the tissues to local 
or general disturbances in the organ 
(Moore) rather than having any signifi- 
cance to increased secretory needs of the 
organism. 

When one appreciates the normal quan- 
tity and distribution of the Leydig cells 
in the testes of different mammals, and its 
variability in the same animal, it becomes 
difficult to appreciate its significance as a 
secretory organ. Normally the pig has 
great quantities of Leydig cells, the 
horse to a less extent, the cat and others, 
whereas in the sheep they are scarcely 
to be found. The dog, most rodents and 
man have a small quantity in comparison 
with other mammals. No satisfactory 
explanation of the secretory need appears 


to offer a suggestion for these discrepan- 
cies. 

In general there appears a decline from 
the pinnacle to which the significance of 
the interstitial cells has been elevated in 
the last score of years and at present there 
are those who strongly proclaim that 
such cells have absolutely nothing to do 
with determining or sustaining the secon- 
dary sexual characteristics (Brack ‘22, 
Cejeka '23 and others). Other tissues of 
the organ have in turn come in for dis- 
cussion as the probable source of the 
internal secretions; the generative por- 
tion, some cells of which almost invaria- 
bly remain after degeneration and appear 
capable of activity, and the vast Sertoli 
reticulum, are usually retained in the 
organ. Discussion of these, however, will 
not settle the problem and already this 
account is perhaps too long, though con- 
siderably incomplete for an exhaustive 
discussion of the biology of this organ. 
Many phases of the tissue reactions as 
well as the internal secretion question 
have had to be omitted. It should be 
clear, however, that the problems per- 
taining to the mammalian testis are by 
no means exhausted. Many aspects of 
both major problems are decidedly open to 
question, and many particulars await solu- 
tion but itis certain that the advances of the 
last half century have been tremendous. 
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SYMBIOSIS AMONG ANIMALS WITH SPECIAL 
REFERENCE TO TERMITES AND THEIR 
INTESTINAL FLAGELLATES 


By L. R. CLEVELAND 


Department of Tropical Medicine, Harvard University Medical School, 
Boston, Massachusetts 


I. INTRODUCTION 
Origin and meaning of term symbiosis 

HE term symbiosis as origi- 
nally used by De Bary (1879) 
means the living-together of 
two organisms on a part- 
nership basis. The partnership may be 
between animal and plant, animal and 
animal, plant and plant. Such associa- 
tions wary vastly in degree, but each 
organism must receive some benefit from 
its partner or else the association is not 
one of symbiosis. It is also usually 
true that one partner is much smaller 
than the other, the small one being the 
symbiote or parasite and the large one the 
host, which, strictly speaking, is also a 
symbiote or partner. Host and parasite 
are parasitological terms for the symbiotes 
or partners. Meyer (1925) has recently 
pointed out that the term symbiont is a 
misnomer; the Greek word for “‘com- 

panion’’ or “‘partner’’ is symbiote. 

How symbiosis is studied 

It is a most difficult matter, indeed, to 
tell where symbiotic associations end and 
others begin. The only crucial method 
available in most cases at present is to 
first break the association, study each 
partner separately, determine what it can 
and cannot do when alone, then reestab- 
lish the partnership and study the re- 
united partners. Such a procedure is 


infinitely more difficult than to reason 
how one partner, particularly the micro- 
scopic one, might easily help the other; 
consequently very few definitely estab- 
lished examples of symbiosis are known. 
Most of our information consists of 
possibilities. 
Some examples of symbiosis 

The intracellular and intestinal yeast- 
like and bacteria-like bodies present in all 
individuals of many groups of insects, 
and transmitted in most cases from genera- 
tion to generation through the egg, may 
or may not be symbiotes—nobody knows. 
The literature on the presence, character, 
and possible symbiotic rdle that these 
microérganisms play in the lives of their 
insect hosts is immense (Portier, 1918; 
Buchner, 1921; Uichanco, 1924; Meyer, 
1925; give extensive references), and it is 
unnecessary to add to it by giving a dis- 
cussion here. What needs to be done is to 
devise some method or combination of 
methods by which these microérganisms 
may all be taken from their hosts without 
injury—a difficult undertaking. Here is a 
most fruitful field of investigation await- 
ing an opening. Who will open it? 

The intracellular bacteria of certain 
mollusks have been termed symbiotes, 
although Meyer (1925), who has recently 
made a detailed investigation of some of 
these microérganisms in relation to their 
molluskan hosts, says the word symbiote 


| 
| 
7 
BOSTON UNIVERS/Ty 
COLLEGE of LIBERAL ARTS 
LIBRARY 


52 THE QUARTERLY REVIEW OF BIOLOGY 


“‘is used more for the sake of convenience 
than as the result of an absolute conviction 
that the phenomenon is one of true sym- 
biosis.’’ He continues, “‘from the experi- 
ments and findings reported it is easy to 
assume that the mollusks derive some 
benefit from the intracellular bacteria as 
anabolists or catabolists of metabolic 
waste products, but, what possible benefit 
can the microérganisms derive from the 
association?”’ 

Green (Zoochlorella) and yellow (Zoo- 
xanthella) algae are closely associated 
with many animals: Turbellarians, Mol- 
lusks, Annelids, Bryozoans, Coclenterates, 
Rotifers, and Protozoa. In some of these 
animal-plant associations it has been 
claimed by a number of investigators that 
the gas liberated contains much more than 
the normal percentage of oxygen, in 
some associations as high as 55 per cent; 
whereas the colorless varieties of these 
animals, that is. those without algae, give 
off a very much smaller percentage of 
oxygen, if any at all. Such associations 
are regarded as helpful or beneficial to 
both partners. The algae supply the 
animal with oxygen for which they get 
carbon dioxide and nitrogen in return. 
Perhaps a fair number of these associations 
are beneficial to both parmers, but cer- 
tainly very few of them are absolutely 
necessary for the existence of the partners 
concerned. In one of the Turbellaria, 
Convoluta roscoffensis, the larvae, according 
to Keeble and Gamble, are colorless, that 
is, do not harbor algae, at the time of 
hatching and can only feed themselves for 
a week, by which time they have gotten 
algae. Fora while, then, they live on the 
products given off by the algae, but later, 
after having reached a more advanced 
stage in their life-cycle, they become 
capable of digesting the algae, and the 
symbiosis—at least for the algae di- 
gested— ends and the association merges 
into true parasitism. 


Minute bacteria-like luminescent bodies 
associated with fishes, tunicates, cephalo- 
pods, and insects have been studied by a 
number of investigators, and it is practi- 
cally certain that at least some of these 
associations are symbiotic in character, 
that is to say, each of the organisms is 
benefited in some way, however slight 
the benefit may be. 


Relation of symbiosis to other forms of 
parasitism 

One of the most interesting things about 
symbiosis is its origin and relation to other 
host-parasite associations: commensalism, 
that association in which hosts tolerate 
their parasites as guests or messfilates; 
and true parasitism, that association in 
which the parasites live altogether or in 
part at the expense of their hosts. In a 
commensalistic association neither party 
is benefited nor injured. Obviously, as- 
sociations with such an equilibrium must 
be extremely rare, for many of the so- 
called commensalistic parasites cannot 
live outside of their hosts and, of course, 
must be benefited. In true parasitism 
either the host or the parasite is injured: 
when a host develops immunity and 
frees itself of parasites, the parasites are 
injured; until this occurs the host re- 
ceives the principal injury. Parasitism 
proper, or in the general sense, according 
to fairly well-established usage, covers all 
three associations: commensalism, sym- 
biosis, and true parasitism. It would be 
much better, however, to use the term 
symbiosis, which means living together, 
and under it include commensalism, mu- 
tualism, and parasitism. However de- 
sirable such a change im terminology may 
be, it is not an easy matter to make it, and 
I shall not attempt it at this time. 

Symbiosis occupies perhaps somewhat of 
a mid-way position between commensal- 
ism and true parasitism, and, from our 
meagre information concerning its possible 
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origin, is probably derived from them— 
just how, we donot know. Ideal partner- 
ship or symbiosis, that condition in which 
each party concerned gives as much as it 
receives, is rarely, if ever, realized; 
the partnership is usually one-sided, that 
is, one partner does most of the giving. 
Such associations from the standpoint of 
the partner that does most of the giving, 
are near true parasitism; from the stand- 
point of the partner that does most of the 
receiving, they are near commensalism. 


Il. GENERAL CONSIDERATIONS OF TERMITES 
AND THEIR PROTOZOA 
Species and families harboring protozoa 

Approximately 1500 species of termites 
have been described and have been grouped 
in four families: Mastotermitidae, Kalo- 
termitidae, Rhinotermitidae, and Termiti- 
dae. All species that have been examined 
from the first three families (Cleveland, 
1923) have been found to harbor a teeming 
menagerie of intestinal protozoa—the 
protozoa in these insects weigh almost as 
much as the insects themselves. Most 
species of the Termitidae that have been 
examined have not been found to harbor 
any protozoa at all, and in those where 
they have been found the quantity can in 
no way be compared to that of the other 
families. Dr. Harold Kirby has recently 
collected and shipped me a large number 
of termites from Panama and Costa Rica. 
Small amoebae and flagellates are present, 
but not abundant, in two species of Ami- 
termes, A. beaumonti Banks and H. medius 
Banks. Larger, more abundant and wood- 
ingesting amoebae are present in Mirotermes 
panamaensis Snyder. Small tetramitid flag- 
cllates are present in Orthognathotermes 
wheeleri Snyder. Most of the Termitidae 
examined had no protozoa. A list of the 
Termitidae examined and a description 
of the protozoa found, will be published 
by Dr. Kirby soon. 


More investigation may determine 
whether or not the Termitidae are losing 
their protozoa or are just beginning to 
harbor them. The situation is a most 
interesting one, indeed, and certainly 
should be investigated thoroughly. Are 
we observing in this family of termites the 
beginning or the last stage in the closing 
of a symbiotic association? 

Partnerships with fungi 

It has been shown by Déflein (1905), 
Petch (1906), Fuller (1920, 1921) and 
others that some of the Termitidae with 
no protozoa in them have formed partner- 
ships with fungi by giving over a certain 
portion of their nest (the fungus garden) 
to the growth and cultivation of the 
fungus which they eat along with soil, 
cellulose, and hemicellulose which the 
fungus has acted upon. Fuller (1921) 
has observed the deliberate removal of 
certain parts of the fungus garden during 
prolonged droughts followed by a week or 
so of rain to propitious places outside the 
nest. 

Food 


The Termitidae as a rule do not feed 
solely on wood or cellulose material, and 
when they do eat wood, it is usually 
very much more decayed than that which 
the protezoa-harboring families eat. 
The Kalotermitidae feed on wood that 
has begun to decay very little if at all— 
several species feed on hard, dry wood that 
has not begun to decay in the least. Two 
genera of the Rhinotermitidae (Reticuli- 
termes and Termopsis) have lived for more 
than two years on a diet of pure cellulose 
(Cleveland, 19252). A number of efforts 
have been made recently to get Termitidae 
to live on a cellulose (filter paper) diet. 
Obtusitermes, Anoplotermes, Orthognathoter- 
mes, Mirotermes, and Amitermes in large 
numbers have been given a cellulose diet 
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under various conditions as near natural 
as was possible in the laboratory. Some 
of them ate the cellulose, but others did 
not, and none of them were able to live 
longer than a month. They usually died 
much sooner. However, it is a difficult 
matter to keep most Termitidae in confine- 
ment, and for this reason it should not be 
stated yet that these termites are unable 
to live on a cellulose diet. It is only 
after considerable experience, in fact, that 
one is able to keep any termite perfectly 
normal under laboratory confinement. If 
these termites are able to live on a cellu- 
lose diet, it is highly probable that they 
are assisted in some way by microér- 
ganisms. It is not likely that they digest 
cellulose themselves, although we do not 
know of any symbiotes that do it for 
them. Many of them are filled with a 
wriggling horde of large spirochaetes, 
which may be easily removed and without 
injury to their host by confining the 
termites in oxygen under pressure for 
about the same time that it takes to re- 
move or kill termite protozoa. Some of 
them have intestinal fungi, but we do not 
know what rdle these fungi and spiro- 
chaetes play in their host's metabolism. 
This should be determined. 


Termite protozoa 

The protozoa of termites are most 
interesting creatures indeed. Everyone 
who has observed them has marvelled at 
their abundance, interesting structures, 
peculiar adaptation and mode of living, 
and has wondered how on earth so many 
of them live in a single termite and what 
they do, that is, how they live and what 
relation they have to the termites in which 
they live, move, and have their being. 

It has been stated by a number of investi- 
gators that protozoa are present only in 
the workers and soldiers. This is not 
true. They are present in all wood-cating 


and wood-feeding members of a colony. 
In those termites where a worker caste is 
present, the old and enlarged reproductive 
adults do not feed on wood—the workers 
feed them, and when they do, the protozoa 
disappear. When no worker caste is 
present, the wood-feeding habit is never 
given up, the protozoa are never lost, and 
no greatly enlarged adults are found. 

As a rule protozoa—living or dead— 
are not present in the fecal pellets of ter- 
mites. They do not pass out with fecal 
material in the way that the intestinal 
protozoa of other animals usually do. 
They are perhaps used as food for their 
host. Young termites, however, seem to 
get protozoa, in some unknown manner, 
from the ani of the older members of the 
colony. Some special provision seems to 
be made to give them to the young, per- 
haps by giving off extra and more liquid 
material than pellets, from the anus. 
It is remarkable how soon the larvae get 
protozoa in their guts. Out of twenty-five 
larvae of Termopsis experimented with, 
fifteen acquired protozoa within twenty- 
four hours from the time of hatching. 
Larvae kept by themselves from the time 
of hatching never get protozoa and they 
die in a week or thereabouts. 

The plates at the end of this paper show 
several genera of termite protozoa selected 
at random from more than forty that ate 
known. Evidently only a beginning has 
been made in the study of these protozoa; 
one can find new genera and species in al- 
most any termite. Seven or eight genera 
sometimes occur in a single termite host; 
in fact it is most unusual to find less than 
four genera, except in the Termitidae. It 
is quite probable that when all the 
termite-inhabiting protozoa are known, 
representatives of practically all parasitic 
or entozoic protozoa of other animals will 
be found in termites. Does this mean that 
the evolution of parasitic protozoa has 
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been going on longer in termites than in 
other animals, or does it mean that 
protozoa have found a much more favor- 
able environment in termites than in other 
animals? Does a symbiotic association, 
which should give the most favorable 
environment for a protozoon, encourage 
evolution? Do more changes occur, or 
are more of those that do occur preserved? 
We do not know. What little informa- 
tion we have regarding the geographical 
distribution of termites and their intes- 
tinal protozoa indicates that there has 
been a parallel evolution of the two groups 
of organisms, which, if true, means that 
the symbiosis has perhaps been estab- 
lished for a very long time. It is also 
probably true that many pathogenic 
protozoa have become extinct by elimi- 
nating their hosts, while symbiotic pro- 
tozoa have made it possible- for many 
variations in their hosts to survive and 
for their hosts to become very numerous; 
and if commensalistic protozoa were once 
pathogenic, there has perhaps been a great 
loss of species and genera in their evolu- 
tion—only the less pathogenic ones sur- 
vived and gradually became commensals. 


Ill. METHODS AND RESULTS OF FREEING 
TERMITES OF THEIR PROTOZOA 


Incubation 


Th fairly convenient method of freeing 
termites of their protozoa is to incubate 
them at 36°C. for twenty-four hours 
(Cleveland, 1924). Such a treatment per- 
haps injures some of them but not a great 
deal when the proper moisture concentra- 
tion is maintained. This perhaps can 
best be done by confining the termites 
with wood in a vaseline-sealed chamber 
with a very small amount of moist cotton. 
With no moisture, the termites become too 
dry and are injured; with a great deal of 
moisture, molds grow rapidly and injure 
them. 
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When the common eastern termite, 
Reticulitermes flavipes Kollar, is incubated 
as described above, all of its intestinal 
protozoa are removed within twenty- 
four hours; all protozoa in most individ- 
uals are killed in twenty hours. The 
differential death points of termites and 
their protozoa when incubated or heated 
for ten minutes are great enough to allow 
the removal of the protozoa without kill- 
ing the termites, but such a method has 
not proven as useful, so far, as one with a 
longer heating period. 

Experiments have been carried out re- 
cently on the incubation of many species 
of termites from Panama and Costa Rica, 
the details of which, when completed, will 
appear in another paper. It is sufficient to 
state here that all termite protozoa are not 
killed in the same time at a given tempera- 
ature, that is, the time-temperature rela- 
tion is not constant. It is not constant 
even for all the protozoa of certain 
termites; in Kalotermes tabogae at approxi- 
mately 35.5°C. the trichonymphids are 
all killed in two days (many are killed 
much sooner), while it is five or six days 
before the calonymphids are affected at all 
and eight to ten days before they are all 
killed. At 36.5°C. the trichonymphids of 
this termite are killed in less than twenty- 
four hours, while the calonymphids are 
not killed in three days. But Calcariter- 
mes, for instance, loses its protozoa within 
less than twenty-four hours when incu- 
bated at 35.5°C. 

After Reticulitermes had been freed of its 
intestinal protozoa (Cleveland, 1924), 
it was carefully studied. As a rule it 
died within three weeks or thereabouts 
after its protozoa were taken from it. It 
was discovered, however, that the actual 
length of time required for death to take 
place depended on the food eaten; the 
more decayed the food (wood) the longer 
it lived. When given humus or fungys- 
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digested cellulose (paper), it lived very 
much longer and would perhaps have 
lived indefinitely had it been properly 
cared for; molds, as mentioned before, 
kill termites when the moisture content 
is high and they cannot live without a 
certain amount of moisture. It is difficult 
to maintain the right amount. The best 
way devised so far is to keep the termites 
in a closed jar or flask which is connected 
with a moist chamber of some sort— 
another flask will do—by means of a 
small glass tube. Once the proper amount 
of moisture is ascertained, it may be kept 
indefinitely without any attention what- 
ever. Incidentally, this same method is 
very useful in keeping untreated termites 
under close observation in the laboratory. 
The moisture required by different termites 
differs greatly; some species of Cryptotermes 
require almost no moisture at all and can 
live in furniture for a long time. 

The fact that the incubated termites 
lived very much longer, if not indefinitely, 
on a predigested diet of humus or fungus- 
digested cellulose than on their normal 
diet of partially decayed wood indicated 
that the incubation in itself was not re- 
sponsible for their death. Obviously, the 
best way to determine whether the incuba- 
tion killed the termites directly or in- 
directly was to incubate a large number of 
individuals, thus freeing them of protozoa, 
then replace the protozoa in one portion 
but not in the other, then feed each portion 
on the same normal diet of wood under 
identical conditions. This was done, and 
all those termites in which the protozoa 
were restored were able to live indefinitely, 
while the others all died in approximately 
three weeks. It was thus shown that the 
death of the incubated termites was due 
to the removal or killirg off of the proto- 
zoa rather than to the incubation in it- 
self. Here, then, is an ideal case of 
symbiosis; neither partner (nor symbiote) 


can live without the other. A termite J 


chews and swallows wood which the 
countless millions of protozoa living in it 
eat and digest for themselves and for the 
termite that maintains them in a gastro- 
nomical paradise—its gut. 

Starvation 


When termites are starved, practically 
all their large protozoa and many of their 
small ones die long before they do. The 
large protozoa in practically every species 
of termite die more quickly than the small 
ones. Perhaps the best way to carry out 
a starvation experiment is to place the 
termites in clean, flat-bottomed, dry 
glass vessels, and keep these in moist 
chambers. Here again the amount of 
moisture present is important. If there is 
too much or too little, the termites will 
not die of starvation. 2 

More extensive observations and experi- 
ments have been carried out on the starva- 
tion of the large Pacific Coast termite, 
Termopsis, than on any other (Cleveland, 
1g25b). This termite contains protozoa 
of four genera (figs. 1-4) in fairly definite 
proportions and when starved, its larg- 
est protozoon, Trichonympha campanula 
(fig. 1), dies first. After about six days’ 
starvation this protozoon disappears en- 
tirely. If the starvation is continued, 
the next largest protozoon, Leidyopsis 
sphaerica (fig. 2), disappears by the end 
of eight days. After twelve to fifteen 
days’ starvation, the other protozoa, 
Trichomonas termopsidis (fig. 3) and Streblo- 
mastix strix (fig. 4), are greatly reduced 
in number, but it is impossible to remove 
everyone of them before the temites die 
or are greatly injured. Very few of them 
live more than twenty-five days. 

If, after six days’ starvation, which 
removes Trichonympba, the termites are 
returned to their normal wood diet, they 
are able to live indefinitely as shown in 
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table 1. Leidyopsis, then, which in un- 
treated termites is seldom if ever present 
in such great numbers as Trichonympha, 
multiplies rapidly and takes the place of 
Trichonymphe in number and, as we shall 
see later, as the principal symbiote. 
When both Trichonympha and Leidyopsis 
are removed by eight days’ starvation, 
these termites, when returned to their 
normal diet, are able to live sixty to 
seventy days; whereas when all protozoa 
are removed (see table 1), termites live 


genus and + = present, #.¢. 
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TABLE 1. 
Results of various methods which have been employed in removing one or more genera of protozoa from the large Pacific Coast 
termite, Termopsis nevadensis Hagen 
Every host in nature always harbors each genus. — = absent, i.¢., treatment killed all protozoa of this 


Oxygenation 


When termites are placed in oxygen 
under pressure, they lose their protozoa 
very quickly, indeed (Cleveland, i925b, 
1925¢), and without being injured in the 
least. This is a better method of freeing 
them of protozoa than incubation or 
starvation. But here, as in incubation and 
starvation, all termite protozoa are not 
affected in the same way when oxy- 
genated. Some of them lose their pro- 


, treatment had no effect. 


3. Oxygenation for 24 hours at 1 atm.........-....+. 
4. Oxygenation for 24 hours at 1 atm. 


6. Oxygenation for 7 hours at 1.5 atms.............+- 
7. Oxygenation for 7 hours at 1.5 atms. Starvation for 


8-13. Oxygenation, 1 atm., 72 hrs.; 1.5 atm., 9 hrs.; 
2.§ atm., 2 hrs.;3 atm., r hr. and 5 min.; 3.5 atm., 


Lives indefinitely 
Lives about 10 weeks 
Lives indefinitely 


Lives indefinitely 


Lives 3-4 weeks 
Lives indefinitely 


Lives indefinitely 


- - - Lives 3-4 weeks. 


only three to four weeks. Evidently, 
then, the remaining protozoa, Tricho- 
monas and Streblomastix, are of some 
value to their hosts but are not able to 
keep them alive i itely. The re- 
moval of Trichonympha and Leidjopsis 
destroys the symbiotic association, al- 
though not completely, and results, finally, 
in the death of Termopsis and its pro- 
tozoa. ‘This termite has certainly formed 
a most intimate partnership with two of 
its protozoa. 


tozoa when confined in an atmosphere of 
practically pure oxygen, that is when 
they are changed from an atmosphere of 
ait with approximately 20 per cent oxygen 
to an atmosphere of 95 to 98 per cent 
oxygen; while others do not lose their 
protozoa until they are placed in slightly 
more than one atmosphere of oxygen 
(table 2). As the oxygen pressure in- 
creases, the time required to kill the 
protozoa decreases rapidly until a pressure 
of three and a half to four atmospheres is 
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reached. At a pressure of fifteen atmos- 
pheres, for instance, the protozoa are 
killed in about half the time that they are 
killed when oxygenated at a pressure of 
three and a half atmospheres; whereas 
three and a half atmospheres kills them 
in half the time that three atmospheres 
does. In other words, one-half of an 
atmosphere between three and three and a 
half atmospheres cuts down the time 
required to kill the protozoa as much as 
ten or eleven atmospheres do after three 
and a half to four atmospheres have been 
reached. Obviously, then, the best oxy- 
genation pressure to use in breaking the 
TABLE 2. 
Time required at various pressures of oxygen to kill all 
intestinal protozoa of certain termites 


Reticulitermes 


i 


40 
5° 5 
30 40 

* Not killed in ten days. 
symbiosis between termites and their 
protozoa is somewhere between three and 
four atmospheres. 

Work is now in progress on the relation 
of the protozoa of many species of termites 
from Panama and Costa Rica to their 
hosts. The work is not complete, but 
it is evident that some of these termites 
are able to live longer than three to four 
weeks after their protozoa have been 
taken from them. Many of them, how- 
ever, are not. We cannot be sure that 
protozoa-harboring termites will die when 
their protozoa are killed, until actual 
experiment has shown that they do. 
Some of them, although we are inclined to 
doubt it, may be able to live—poorly of 
course—without protozoa. 


After having noted that oxygenation 
removes some termite protozoa and not 
others, that is, brings about a partial 
rather than a total defaunation, and that 
starvation does the same thing, it was 
evident that by a combination of the 
two partial defaunation methods inter- 
esting results might be obtained as to just 
what protozoa were and were not sym- 
biotes. 

The large Pacific Coast termite, Ter 
mopsis, as we have already seen, contains 
four genera of protozoa, and when 
oxygenated at one atmosphere, it loses 
Trichomonas (fig. 3) within twenty-four 
hours, but does not lose its other protozoa _ 
until three days (Cleveland, 1925b). 
By oxygenating this termite at a pressure 
of 1.5 atmospheres for seven hours it was 
possible to remove both Trichomonas and 
Streblomastix (fig. 4) from many, though 
never all, hosts without seriously in- 
jurying Trichonympha (fig. 1) and Leidyopsis 
(fig. 2). We have already noted that if 
this termite is starved for six days it 
loses Trichonympha, and if starved eight 
days it loses Trichonympha and Leidyopsis. 
The various protozoal combinations 
which may be obtained by starving and 
oxygenating Termopsis are given in table 1. 
Termites of each of the seven groups, and 
of the group with no protozoa, fed 
their normal diet of wood and kept under 
identical conditions. Table 1 shows what 
happened to each group. 

Either Trichonympha or Leidyopsis is able 
to keep its host alive indefinitely. Tri- 
chomonas is able to keep its host alive for 
a while, but not indefinitely. Streblo- 
mastix is of no value to its host and is not a 
symbiote. It may be supported either by 
the termites or by its protozoan neigh- 
bors, or by both. Similar work on the 
protozoa of other termites will perhaps 
show that not all termite protozoa are 
symbiotes. 
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DESCRIPTION OF PLATES 1-4 


PROTOZOUN TERMITE FOUND IN 


Trichonympha campanula Termopsis angusticollis 
Leidyopsis sphacrica Termopsis angusticollis 
Trichomonas termopsidis Termopsis angusticollis 
Streblomastix strix Termopsis angusticollis 
Microjoenia hexamitoid Reticulitermes lucifugus 
Dutrichomonas termitis Archotermopsis wroughtoni 
Holomastigotoides hemigymnum Coptotermes lacteus 
Macrotrichomonas pulchra Glyptotermes parvulus 
Devescovina glabra Cryptotermes bavilandi 
Joenopsis cephalotricha Archotermopsis wroughtoni 
Pseudotrypanosoma giganteum Porotermes adamsoni 
Spirotrichonymphella pudibunda Porotermes adamsoni 
Holomastigotes clongatum Reticulitermes lucifugus 
Microspironympha porteri Reticulitermes flaviceps 
Pseudotrichonympha hertwigt Coptotermes sjostedti 
Dinenympha rugosa Reticulitermes speratus 
Stephanonympha sylvestri Kalotermes grassi 
Spirotrichonympha elongata Schedorbinotermes intermedius 
Diplonympha Glyptotermes parvulus 
Pyrsonympha grandis Reticulitermes speratus 
Teratonympha mirabilis Reticulitermes flaviceps 
Saturojoenina mirabilis Epicalotermes acthiopicus 
Joenina pulchella Porotermes adamsoni 


ON AMV hw PP 


Figures 1, 2, 4 after Kofoid and Swezy; 5, 7, 8, 9, 10, 11, 12, 15, 17, 18, 19, 22, 23 after Grassi; 6, 10 after 
Cutler; 13, 14, 16, 20, 21 after Koidzumi. 
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EXPERIMENTAL STUDIES ON MORPHOGENESIS IN 
THE NERVOUS SYSTEM 


By S. R. DETWILER 
Zoblogical Laboratory, Harvard University 


HE application of the experi- 
mental method to the study 
of the developing nervous 
system has yielded results 

which have extended greatly our know- 
ledge regarding certain aspects of differ- 
entiation. One of the outstanding 
achievements made by the use of this 
method was the solution of the well 
known question of the genesis of the nerve 
fiber. The neurone theory. of His ('86, 
87) and Forel ('87), which seemed incapa- 
ble of being satisfactorily demonstrated 
by the method of direct observation, was 
given firm and conclusive support mainly 
through the experimental researches of 
Harrison (‘o4a, '06, ‘07a, '07b, "10a, "10b). 

The question of the origin of the nerve 
fiber was first tested experimentally by 
Harrison (‘o4a, '06) and by Braus (os). 
Harrison removed the ganglionic crest 
cells from frog embryos, and found that 
the embryos developed without sensory 
nerves and ganglia, but that motor 
nerves were present. These were devoid 
of sheath cells. He also showed that, 
when the ventral half of the embryonic 
spinal cord was removed, but with the 
dorsal part of the cord and ganglionic 
crest cells intact, the larvae were devoid 
of the motor nerves. His results clearly 
indicated that the nerve fiber does not 
have its origin in the sheath cells, but 
that it grows out from a single ganglion 
cell, with which it remains in continuity 
throughout life. A full account of re- 
searches on the histogenesis of the nerve 
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fiber has recently been published by Har- 
rison. (Jour. Comp. Neur., vol. 37, 1924.) 

Braus made the interesting discovery 
that the amphibian limb rudiment has 
the ability to undergo differentiation 
independent of its normal organic en- 
vironment ('o4), and that when trans- 
planted to an abnormal situtation it may 
acquire mervous connection with the 
central nervous system of the host and 
even exhibit spontaneous movements. 
He took advantage of limb grafting as 
an experimental method for the study 
of a number of fundamental questions 
concerning the development of the nerv- 
ous system. He did not believe that 
the nerves, which developed within a 
transplanted extremity, grew in from the 
central nervous system of the host, but 
that the peripheral portions of the nerves 
developed in site within the append- 
age and secondarily made connections 
with the nervous system of the host. 
Although all of Braus’ experiments were 
ingenious in type, he endeavored to sup- 
port Hensen's (64) protoplasmic bridge 
theory, according to which protoplasmic 
bridges are supposed to be left everywhere 
between dividing cells of the embryo, so 
that when nerves begin to differentiate 
there is a complex system of protoplasmic 
connections within the organism. Those 
which function as conduction pathways 
are supposed to differentiate into nerve 
fibers, whereas the remainder ultimately 
disappear. 

Banchi (06) also carried out limb 
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transplantation experiments in connec- 
tion with the question of nerve origin 
and likewise interpreted his results in 
support of the Hensen theory. In the 
limb grafting experiments of Harrison 
(‘o7a) and Gamelli ('06), evidence was 
brought to bear against the Hensen 
theory, and the outgrowth theory was 
given valuable experimental support. 
Whereas Braus claimed that aneurogenic 
limb buds (those taken from nerveless 
larvae) did not acquire nervous connec- 
tion with the host—since they were dis- 
connected from the nerve centers during 
the critical period, Harrison's experiments 
showed that aneurogenic as well as 
eneurogenic limb buds (those taken from 
normal larvae) became supplied with 
peripheral nerves. Harrison made a much 
more crucial experiment in grafting a 
limb rudiment from a normal embryo to 
one which had previously been deprived 
of its central nervous system. In such 
cases the developing appendage was de- 
void of nerves. This indicated, there- 
fore, that nerves which develop within 
a grafted appendage, grow into it from 
the central nervous system of the host. 
Whereas the results of Harrison's limb 
grafting experiments left little doubt in 
the minds of most neurohistologists as 
to the validity of the outgrowth theory, 
nevertheless, the advocates of the Hensen 
school still demanded more rigorous 
proof. This was soon after furnished 
by the tissue culture experiments of 
Harrison (10a) in which he explanted 
neuroblasts of frog embryos into 
clotted lymph and observed with the 
eye the developing nerve as a proto- 
plasmic outgrowth from a single gan- 
glion cell, a concept which had already 
gained considerable footing through the 
careful investigations of His ('86, '87, 


"88, "90), Ramén y Cajal (‘90, ‘92, "94, 


‘o6) and v. Lenhossék (‘92, "95, '06). 


Harrison's results were corroborated by 
Burrows (‘11 and Lewis (‘11) and the 
‘neurone’ as the genetic and morphologi- 
cal unit of the vertebrate nervous system 
became firmly fixed. With the establish- 
ment of this concept great attainments 
have been made in the fields of nerve 
regeneration and transplantation, and 
our knowledge of reflex pathways has 


grown rapidly. 


THE INFLUENCE OF THE PERIPHERAL FIELD 
ON NEURONE DEVELOPMENT 


Although it seemed clear from the 
experiments on explantation of primitive 
ganglion cells, that the initial outgrowth 
of the nerve fiber can proceed from the 
neuroblast independently of any functional 
requirements on the part of the endorgan, 
no especial attempt was made in these 
experiments to study the effects of nor- 
mal organic stimuli upon the extent of 
neuronic differentiation. The results of 
experiments directed towards the solu- 
tion of this question (Braus, ‘06; Burr, 
Durken, ‘11; Shorey, ‘11) 
indicated that in the absence of certain 
peripheral areas, the nerve centers nor- 
mally supplying those areas undergo 
hypoplastic development, supposedly 
from the lack of the peripheral functional 
demands which normally activate their 
complete development. Braus (op. cit.) 
found as a result of excision of the fore- 
limbs of Bombinator prior to the out- 
growth of the brachial plexus, that the 
plexus in larvae preserved ten days after 
the operation was as well developed as 
the normal, and that no reduction in the 
size of the ventral horn areas could be 
detected. Observations, however, on 
operated larvae, which were kept alive 
until just before metamorphosis, showed 
that the brachial plexus was reduced in 
size, as were also the ventral horn areas 


ordinarily supplying the limb. Braus 
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interpreted his results in accordance with 
the general developmental theory of 
Roux ('85) in stating that the develop- 
ment of the central nervous system can 
be divided into two periods: the first, in 
which growth and differentiation are 
independent of functional activity; and 
the second, in which further differentia- 
tion and growth continue only under the 
influence of this factor. 

Miss Shorey ('o9) carried out extirpa- 
tion experiments on the limb rudiments 
of Amblystoma and the chick, and claims 
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TABLE x 
Showing the effects of removal of the limb and the activity of the transplanted limb upon the development of peripheral afferent 


6; 


plied in the culture medium. As a result 
of her observations she concluded that 
motor nerve growth is not only entirely 
dependent upon the presence of muscles, 
but that no neuroblasts can differentiate 
unless under the stimulus supplied by the 
functional endorgan or the metabolic 
products of the same. On the basis of 
her observations she opposed Harrison's 
conclusions that the outgrowth of the 
nerve fiber can proceed independently of 
any functional requirements on the part 
of the endorgan. 
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ne to have found marked deficizncies in the 
he peripheral nerves as well as in the ven- 
7 tral horn areas subsequent to the removal 
rs of the appendicular musculature. Also, 
he the degree of the defect was said to be 
be more or less proportional to the extent 
7 of the peripheral destruction. In a later 
work in which she explanted neuro- 
d blasts in a variety of culture media, she 
” Claimed that axone outgrowth ensued 
. only in those cases in which beef extract 


(metabolic products of muscle) was sup- 


HYPERPLASIA IN SENSORY GANGLIA 


It was in connection with the above 
question that the original limb experi- 
ments of the writer (Detwiler, '20a, '20b) 
were carried out. Rather than to test the 
effects of the destruction of peripheral 
areas on the developing neurones, experi- 
ments were devised to test whether or not, 
by overloading the periphery at a given 
region, the corresponding peripheral neu- 
rones can be induced to undergo hyper- 
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normal (hyperplastic) development to 
meet the added functional requirements 
imposed upon them. Accordingly, the 
right anterior limb rudiment of Ambly- 
stoma embryos was transplanted in the 
same embryo and at distances varying from 
one to seven somites caudal to the normal 
situation (autoplastic grafts). In this 
way it became possible to study the effects 
of the development and function of limbs 
so placed upon the neurones supplying 
them. Observations on the functional 
responses of the transplanted limbs as well 
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TABLE 2 
Showing number of cells counted in twenty consecutive transverse sections of the right half of the spinal cord at the ben: 
of the third, fourth, and fifth segmental nerves respectively (anterior limb levels) 


cord just posterior to the original lim) 
levels (sixth, seventh and cighth sep. 
ments). The nerves of these levels nor. 
mally supply afferent fibers to the body 
integument and efferent fibers to the mus. 
cles of the body wall. Throughout thes 
experiments there was evident a marked 
tendency for the transplanted limbs to 
receive innervation from the normal lim) 
levels of the cord. 

The most instructive cases of the limb 
experiments were those in which the limbs 
were shifted caudally the distance of four 


AS4 

Limb excised, spinal cord intact........ AS4as 

Seventh, eighth, and ninth spinal seg- TrSCis7* 
ments substituted for the third, TrSCis9* 
fourth, and fifth, respectively 


Limb level of spinal cord (third, fourth, —_, 
and fifth segments) reversed 


CELLULAR 

NERVE LEVELS 

3464 2796 2346 { 1.48:1.00 
3904 2803 | Connected with | 1.66:1.00 

limb 2352 

3130 2.600 2500 1.2§1.00 
3043 2973 2728 
3500 2593 2215 1.6231.00 
3265 2809 2326 1.40°1.00 


* In cases TrSCis7 and TrSCis9, the third, fourth, and fifth nerve levels represent, respectively, the trans 


planted seventh, eighth, and ninth. 


t In cases ReSC, and ReSCyo, the third nerve level represents the reversed fifth, whereas the fifth nerve level 


represents the reversed third. 


as the segmental nerve supply have been 
published previously in tabular form (Det- 
wiler, '20b, tables 1 and2). It may not be 
redundant here to state that limbs which 
were transplanted from one to three seg- 
ments caudal to the normal position were 
found to receive nearly their entire nerve 
supply from the original limb levels of the 
cord (third, fourth, and fifth segments). 
Limbs which were transplanted a distance 
of more than three body segments caudal 
to the normal position received the bulk 
of their nerve supply from segments of the 


body segments (fig. 15). Limbs so placed 
were typically found to be innervated 
from a plexus composed of the fifth, sixth, 
and seventh segmental nerves, the fifth of 
which is a normal limb nerve. Limbs so 
innervated exhibited a high degree of 
activity which was coordinated with the 
contralateral extremity. Microscopical 
examination of such cases showed that 
the strange segmental nerves (sixth and 
seventh) contributing to the grafted limb 
were larger than the contralateral nerves 
which had, of course, no connection with 
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alimb. This enlargement was found to be 


ral lim) 
th sep. due to a hyperplasia of the sensory neu- 
els nor. ME rones. Evidence of sensory hyperplasia 


he body MN was not only suggested by the obvious 
he mus. ME differences in the size of the spinal ganglia 
ut these fm (figs. 13, 14) and the posterior roots, but 

was also quantitatively estimated by 


making a numerical count of the sensory 
ganglion cells (table 1). 

Excision of the limb rudiment was also 
found to result in a 52 per cent hypoplastic 
development of the sensory neurones of 
the limbless nerves (table 1). From the 
fact that the percentage of weight reduc- 
tion in the posterior roots exceeded that 
of the ganglia, the results also indicated 
that in addition to a hypoplasia, a slight 
atrophy of the afferent neurones ensued 
No exact quantitative observations have 
been made on the size changes in the sen- 


sory neurones disconnected with the 
Sie ae normal limb or in those connected with a 
transplanted limb. 
511.00 As striking as the sensory responses 
2. have been to decreases and increases in the 
peripheral field, no experiments have as 
shes yet been completed to ascertain at what 
noe period in the development of the embryo 
Peay these reactions set in or terminate, though 
> trans- investigations concerning these questions 
are under way. Furthermore, the question 
ve level HE as to whether the sensory hyperplasia in 
nerves connected with a transplanted limb 
laced is entirely related to the integumentary 
vated increase is one which also needs investi- 
‘ixth, gation. An analysis of this situation 
th of meets with difficulty since when spinal 
bs so nerves are brought into relation with a 
eof transplanted limb, they not only have a 
2 the greater integumentary area to supply, but 
pical by reason of the added musculature (limb 
that and shoulder muscles) it is reasonable to 
and expect that there should be an augmenta- 
limb tion in the number of proprioceptive 
fibers to the muscles. Since it has been 


impossible to distinguish between pro- 
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prioceptive and exteroceptive neurones, 
it is difficult to say how much of the 
hyperplasia in the ganglia can be ascribed 
to integumentary increase. It may be 
possible, however, to analyze the situation 
further as a result of experiments which 
are under way. These have been devised 
in a way to diminish the integumentary 
area on the embryo without affecting a 
diminution in the musculature. By so 
doing it may be possible to obtain a rough 
estimate of the part played by exterocep- 
tive and by proprioceptive neurones in 


et ganglia connected with a 


wees the limb transplantation ex- 
periments have shown a marked sensory 
reaction (hyperplasia) to the peripheral 
overloading, no evidence as yet of a similar 
response on the part of the efferent neu- 
rones has been obtained either from a 
comparative study of the motor roots or 
from a numerical comparison of the motor 
nerve cells in both halves of the spinal 
cord at the levels involved. Neither as a 
result of the excision of the limb was 
there any measurable evidence of a hypo- 
plastic development of the efferent fibers 
in the limb nerves (‘20a, '23a), though 
such nerves actually did suffer a reduction 
in size. 

A study of size changes in the primary 
brachial motor neurones following limb 
excision in Amblystoma embryos has re- 
cently been made (Detwiler and Lewis, 
25) with the interesting observation that 
bilateral excision of the anterior limb rudi- 
ments causes a greater reduction in the 
size of the primary brachial motor neu- 
rones than when only one limb is excised. 
In the latter case the average area of the 
median plane of section of the motor horn 
nuclei (as estimated by the polar plani- 
meter) shows a reduction of 8 per cent. 
The volume reduction of the motor roots 
is 24 per cent. Following bilateral ex- 
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cision of the limb rudiments the average 
area of the median plane of section of the 
motor horn nuclei shows a reduction of 20 
per cent and the volume reduction in the 
motor roots is 32 per cent. 

These results suggest that the size of the 
efferent neurones, in addition to being 
affected by the completeness of their func- 
tional connection with the peripheral 
field, is also dependent upon reflex con- 
nection with local commissural neurones 
of the opposite side of the cord. The 
exact way in which commissural neurones 
influence growth in the motor horn cells 
on the opposite side of the cord we are not 
yet in a position to state. The results 
indicate, however, that growth and func- 
tion in groups of neurones may affect 
growth processes in others regardless of 
whether or not the latter be fully or only 
partly in connection with the peripheral 
field. 

From the observed facts that prolifera- 
tion in the primary brachial motor neu- 
rones is apparently unaffected by the 
excision of the limb rudiment, and that 
efferent neurones from atypical regions 
of the spinal cord fail to undergo hyper- 
plastic reactions when in connection with 
a terminally increased musculature (trans- 
planted limb), it is obvious that the ex- 
tent to which brachial efferent neurones 
shall develop is not primarily under the 
control of the peripheral musculature. 
This conclusion is not in correspondence 
with the results of Miss Shorey’s experi- 
ments, nor with the reflex circle idea of 
Bok ('17). Vermuelen (communicated by 
Bok) also reports a human monster in 
which a duplication of the tongue muscu- 
lature was accompanied by a duplication 
of the hypoglossal nuclei in the brain stem. 
It is difficult to harmonize the observations 
of Vermuelen and Bok with my own 
results. It would seem that if increased 
functional activity on the part of the 


peripheral musculature had any effect 
upon proliferation of motor neuroblasts, 
manifestations of a definite sort should be 
forthcoming in the limb transplantation 
experiments, yet in no case so far studied, 
whether the transplanted limb was large 
or small, functional or useless, single or 
double, has there ever been found measur. 
able evidence of motor hyperplasia such 
as has been almost without exception 
on the part of the sensory nerves. 

The limb grafting experiments have 
indicated clearly then that the principal 
agencies involved in neuroblastic prolifer- 
ation of sensory and of motor nerves are 
not the same, and that factors other than 
the functional activity of the end organ 
must combine in determining the extent 
of motor cellular differentiation within 
the spinal cord. 


PROLIFERATION OF CELLS IN THE CENTRAL 
NERVOUS SYSTEM 


It was suggested as a result of the limb 
experiments that if the extra-limb seg- 
ments of the cord, which are capable of 
producing only limited movements in 
transplanted limbs, could be substituted 
for the limb region of the cord, it would 
present a condition whereby it would be 
possible to study more favorably the 
ability of such éxtra-limb segments to 
execute normal movements when in 
connection with the proper central reflex 
pathways. Also the substituted portion 
of the cord would be subjected to all the 
stimuli which normally produce the typi- 
cal proliferation of nerve cells in this 
region. 

Experiments were then carried out in 
which the anterior limb region of the 
spinal cord (third, fourth, and fifth seg- 
ments) were excised and replaced by a 
more caudal unit comprising the seventh, 
eighth, and ninth segments from another 
embryo (23a). A typical example of 
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such a case with a composite spinal cord 
is shown in figure 18. A complete re- 

of these experiments has been pub- 
lished elsewhere (Detwiler, '23a) and 
reference to them will be made here only 
in so far as they bear upon the questions 
under consideration. Aside from the fact 
that in 50 per cent of these cases with 
composite spinal cords, normal limb activ- 


mental animal are shown in figures 1 and 
2 respectively. From figure 1 it is seen 
that throughout the spinal cord from the 
level of the third nerve to the level of the 
ninth there is a gradient of cellular pro- 
liferation which diminishes down the 
cord. In the experimental case (fig. 2) 
the same is to be noted, yet here the 
greater cellular proliferation character- 
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Abscissae designate the respective spinal segments (three to nine); ordinates represent in Curve A, the number 
of cells counted in twenty consecutive transverse sections of the spinal cord at the levels of each nerve, and in B, 
the number counted in each corresponding right ganglion. The third, fourth, and fifth segments are normally 


ities ensued, it was found that the grafted 
segments of the cord in their new situation 


izing the anterior limb region of the cord 
(third, fourth, and fifth segments) as 
compared with the more caudal region 


‘has proceeded from a unit of cord which 


typically occupies the caudal position 
(seventh, eighth, and ninth segments). 
Since extirpation of the anterior limb 
was found to have no effect upon cellular 
proliferation in the cord ('23a), the 
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marked hyperplasia observed in the 
gtafted unit of spinal cord appears to have 
no primary relation to the appendicular 
musculature. This conclusion has re- 
ceived further support from a series of 
experiments in which a cellular hyper- 
plasia of similar magnitude occurred in the 
grafted unit of cord in the absence of the 
limb (24). 

In a theoretical discussion of these 
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justified as a result of experimental end-for. 
end reversal of the limb region of th 
spinal cord (third, fourth, and fifth seg. 
ments) which resulted in the developmen 
of a normal pattern of the spinal cord anj 
peripheral nerves from the inverted seg. 
ments (Detwiler, '23b). 

Under normal conditions more nervy 
cells develop in the third segment than 
in the fifth. Under the experimental 
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Fie. 2. Tae Exrent or ProwirgraTION wiTHiIn tae Har or Tae Semi 
Corp (Curve A) anv THE Riout Sprvat (Curve B) Case TrSCi37 

Normal anterior limb region of the cord excised (third, fourth, and fifth segments) and replaced by th 

seventh, eighth and ninth segments from another embryo. Abscissae and ordinates as in figure 1. 


results it was suggested that the increased 
cellular proliferation in the transplanted 
seventh, eighth, and ninth segments in 
their grafted position may be the result 
of their being under the influence of a 
greater number of central longitudinal 
pathways descending from higher levels, 
such as the fasciculus longitudinalis medi- 
alis and the tractus bulbospinalis (Her- 
rick,’14). This viewpoint seemed further 


6 Boa 8 9 


conditions the fifth segment, which occ 
pies the position of the third, is found 
to undergo hyperplastic development sim 
ilar to the normal third, whereas th 
third segment when moved caudally to th 
position of the fifth, undergoes decrease 
proliferation so as to typify the ‘norm 
fifth segment (table 2). 

From the constancy in the extent d 
proliferation within the various s¢ 
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ments of the limb region of the cord under 
both experimental conditions, the accumu- 
lated evidence seems to bear out the idea 
that the degree of proliferation which is 
reached in these levels of the cord is 
commensurate with the number of longi- 
tudinal conduction fibers normally ter- 
minating therein for the coordinate con- 
trol of the appendicular reflexes. If such 
were the case is it possible that we have 
here an exemplification of the ‘‘Stimulo- 
geneous Fibrillation’’ concept of Bok 
(‘15)? Bok’s theory was founded on 
observations from normal development, 
and forms much of the anatomical founda- 
tion for Kappers’ ('17, 21, '22) theory of 
neurobiotaxis. 

It is of course difficult to say whether 
the cellular increases observed are actually 
the result of the stimulative influence of a 
greater number. of internal fiber tracts 
entering these higher levels or whether 
such increases can be referred partly or 
entirely to the influence of the axial 
physiological gradients as suggested in the 
work of Child ('21), Bellamy ('19) and 
others. 

Coghill ('23, '24b) has shown from an 
exhaustive study of nervous development 
in Amblystoma (non-motile, early flexure, 
coil and early swimming stages) that there 
are localized regions where differentiation 
and proliferation of cells take place 
according to a very definite pattern, and 
that acceleration of these processes in 
different regions of the central nervous 
system is definitely related to the develop- 
ment of the behavior pattern. He further 
shows that one process tends to become 
accelerated where the other is retarded, 
and that both take place in the form of 
waves which probably pass cephalocaudad 
through the brain and spinal cord. His 
work is of great importance since it 
distinguishes in a quantitative way be- 
tween the two processes of proliferation 


and differentiation of the nervous ele- 
ments. He has clearly brought out funda- 
mental morphological differences between 
the two as well as the general physio- 
logical significance of these two phases of 
growth. His observations afford con- 
vincing evidence that in early stages of 
development, the resolution of indifferent 
cells into neuroblasts, the early prolifera- 
tion of these neuroblasts and the regional 
localization in the acceleration and re- 
tardation of these processes are accom- 
plished under influences which precede 
any activating stimuli which may come 
from ingrowing nerve roots and tracts. 
These more elementary influences seem 
to be bound up with the hereditary organ- 
ization of the protoplasm and the primary 
physiological gradients. 

In referring to the cellular hyperplasias 
which were observed in the transplanted 
spinal segments described in my spinal cord 
experiments ('23a), Coghill suggests that 
injury inflicted during the grafting may 
have played some part in the extensive 
proliferation observed. He calls attention 
to Hooker's ‘(15) observations on the 
healing processes in transected spinal 
cords of Amblystoma and Rana. Hooker 
observed a rapid proliferation of cells in 
the vicinity of the wound seven days after 
the operation. In a later work Hooker 
('23) reported that injuries to the cord 
produce proliferation by mitosis of the 
cells of the mantle layer. Coghill’s sug- 
gestion, therefore, partly vests upon 
Hooker's observations. 

A full discussion of this matter is taken 
up in a separate paper (Detwiler, ‘25c) 
in which it is shown that injury inflicted 
during the grafting in the spinal cord seg- 
ments probably plays no significant role 
in the observed hyperplasias. In this 
connection the experiments dealing with 
the end-for-end reversal of the limb 
region of the cord are instructive. Here 


- 
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the third segment has been replaced by the 
fifth and the latter in turn has been re- 
placed by the third. Reference to table 2 
will show that the number of cells counted 
in the transplanted third segment in both 
cases was slightly lower than in the nor- 
mal fifth, and in the transplanted fifth 
segment the number (case ReSC 10) is 
approximately 200 less than in the normal 
third. From the fact that in three in- 
stances out of four transplanted segments, 
proliferation is slightly less than that 
characterizing the normal, injury must 
be looked upon as being an ineffectual 
factor in the results. The same applies 
to the experiments in which the first five 
segments of the cord were excised and 
replaced by a unit of central nervous sys- 
tem consisting of the medulla and the 
anterior two segments of the cord (Det- 
wiler, ‘25a). Here the transplanted 
medulla underwent hypoplastic develop- 
ment whereas the spinal portion of the 
graft underwent hyperplastic develop- 
ment. Since both parts of the graft were 
subjected to the same injury ic is difficult 
to imagine any significant effects due to 
this factor. 

The data at hand indicate, therefore, 
that hyperplasias occurring in grafted 
units of spinal cord cannot be ascribed 
to the stimulating effects of injury. 

Coghill ('24b) shows Chis figs. 7 and 8) 
that in early stages of development in 
Amblystoma, cell proliferation and differ- 
entiation are associated in the growth 
of the spinal cord. He finds that the 
seventh, eighth, and ninth segments which 
I transplanted into the brachial region, 
and which underwent marked hyperplasia, 
fall well within the range of relatively 
high potentiality of both proliferation 
and differentiation. Since the tenth, elev- 
enth, and twelfth segments fall beyond the 
limits of so great a potentiality, Coghill 
raises the question as to whether these 
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latter segments would have the same 
capacity for growth ia the brachial region 
as did the seventh, cighth, and ninth. 
Herrick ('25) also calls attention to this 
point and he says (page 122): 


It should be borne in mind, however, that Coghill 
has shown in Amblystoma larvae of the stages im- 
mediately subsequent to those upon which Detwiler 
operated, the third, fourth and fifth segments of the 
cord are in a field of rapid cell proliferation which 
seem to be an expression of cephalo-caudad pulses of 
growth whose underlying causes have not yet been 
determined, and the matter evidently needs further 
investigation. 

He further says, 


The relative part played here by the primary physio- 
logical gradients and the influence of ingrowing fiber 
tracts remains to be determined. 


This question is open, at least in part, 
to an experimental analysis which will 
form the subject of future investigations. 
By comparing proliferation in the tenth, 
eleventh, and twelfth segments with that 
in the seventh, cighth,-and ninth, both 
under normal conditions and when trans- 
planted into the more cranial positions, 
greater possibilities will be afforded to 
determine more definitely than hitherto 
the extent to which various agencies are 
affecting the normal growth processes 

In further consideration oi Gane the possible 
stimulative effects of fiber ingrowth upon 
cellular proliferation, attempts have been 
made to disconnect descending bulbar 
tracts from the spinal cord by interposing, 
in the developing embryo, mechanical 
obstacles such as thin sheets of celloidin 
between the medulla and the cord. It 
was the purpose to test out whether in the 
absence of the invasion of such tracts into 
the cord, proliferation therein would 
suffer incompletion. These experiments 
so far have been unsuccessful. 

Recently I have published the results 
of a series of experiments ('25a) in which 
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a marked influence of the medulla on pro- 
liferation in the anterior end of the cord 


plantations became subject to certain 
modifications in consequence of further 


was obtained. Advantage was taken of experiments (Detwiler, '25d). These in- 


Herrick’s ('14) observations that in Am- 
blystoma certain descending tracts arise 
in the motor tegmentum of the medulla 
and pass into the ventral funiculi of the 
same and the opposite sides of the cord 
(bulbo-spinal tracts). It was designed 
here to augment the possible stimulating 
effects of such descending fibers by inter- 
polating an additional medulla just caudal 
to the normal. 

In these experiments the first five seg- 
ments of the cord were excised and re- 
placed by a unit of central nervous system 
including the caudal end of the medulla 
and the first two segments of the cord. 
Under the new conditions the first three 
segments of the cord are replaced by the 
extraneous: medulla and the fourth and 
fifth segments are replaced by the grafted 
first and second (figs. 3, 4). 

The results of these experiments showed 


a more extensive proliferation of cells 
in the spinal segments just caudal to the 
transplanted medulla than occurs under 


normal conditions. The cellular increase 
was most marked in the transplanted first 
and second segments and became less 
marked in successive segments (cf. figs. 
5 and 6). The cellular increases in the 
grafted cord segments have been looked 
upon as resulting from the added stimu- 
lative effects brought about by the aug- 
mentation in the descending bulbar tracts 
arising in the extraneous medulla, and 
passing ventrally into the cord. 

In discussing the question of the action 
of gradients in the process of growth, 
Herrick ('25) has looked upon this cellular 
increase in the cord as being the direct 
result of the introduction of a new center 
of dominance into an atypical place. 

The general interpretations which were 
made as a result of the medulla trans- 


volved the removal of the fourth, fifth, 
and sixth segments of the spinal cord and 
replacing them by a unit of cord compris- 
ing the first three segments from another 


Fie. 3. Drawine or Amblystoma 
or First Frve 
or THe Sprnat Corp sy Unrr or Neurat 
Comprisinc THE MgpuLLA AND THE 
First Two Sprvat SeGMENTS FROM 
Anorusr Emsryo. X 10 


Fie. 4. Drawino or Amblystoma Emsnyo, 
Ssow1noe Excisepy Recion (Mgputia Fiasr 
Two Spnvat SzomMEnts) was GRAFTED TO 
Emsryo Snown Ficure3. X 10 
$3, third somite; PN, pronephros 
embryo (fig. 20). In several cases the 
third, fourth, and fifth segments were 
excised instead of the fourth, fifth, and 
sixth. Under the new conditions the 
grafted first and second segments of 
the cord occupy the positions of the 
fourth and fifth respectively. This posi- 
tion of the transplanted first two 
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0.28 0.31 0.38 


Case Cell 
Cell Weight 
ber. ~ Case Rati Ratios TrBrse 1 Ratios 


Fie. 5 Fic. 6 
Fro. 5. A Diacrammatic Pian or THe Recion or tas Cantrat Nervous System or Normat 
Amblystoma Larva From THE or THE Acoustic Crantat) Nerve TO THE 
Cavupat or Tae Sevents Sprnat 

The central figures express the average number of cells per section as obtained by counting the number in the 
tight halves of ten consecutive transverse sections through a known region for each segment represented. 
The weight ratios are based on the weights in grams of unassembled wax models of thirty consecutive transverse 
sections through the medulla and the various spinal segments indicated. SS1-SS7, first seven spinal segments. 


Fic. 6. A Diacrammatic Pian oF THE Portion oF THE Centrat Nervous System or Ambystoma 
Larva TrBrSC1, rrom THe Lever or Tae Acoustic Crantat) Nerve to THe Caupat 
Levet or THE Sevents Sprnat SscMENT 
The first five segments of the spinal cord were excised and replaced by a unit of neural tube comprising the 
greater portion of the medulla and the first two spinal segments (TrSS1 and TrSSz). The added medulla occupies 
the region of the normal first, second and third spinal segments. The transplanted first and second segments 
occupy the position of the fourth and fifth, respectively Cv. fig. 3). The central figures express the average 
number of cells per section as obtained from counting the number in the right halves of ten consecutive trans- 
verse sections through the same regions as used in the study of the normal individual (cf. fig. 5). Weight 
ratios obtained in the same manner as outlined in explanation of figure 5. TrSSx and TrSSz, transplanted first 
and second spinal segments; SS6 and SS7, normal sixth and seventh segments. 
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spinal segments corresponds to that occu- 
pied by them in the former experiment 
involving the medulla ('25a). The differ- 
ence lies in the fact that in one case the 
transplanted segments are preceded by an 
extraneous medu!la, whereas in the other, 
they are preceded by the normal anterior 
three segments of the cord. 

The results have shown that the antericr 
end of the cord (first and second segments) 
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ventral regions (cf. figs. 7 and 8). More- 
over, the cellular proliferation in the 
intact spinal segments cephalad to the 
transplanted ones was found to be mark- 
edly increased, particularly throughout 
the dorsal regions, which are predomi- 
nately sensory, and to such an extent that 
the shapes of these anterior intact seg- 
ments simulated that of the caudal end 
of anormal medulla. The striking change 
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Fic. 7. Curve showing extent of cellular prolifer- 
ation throughout the dorsal half (curve A) and the 
ventral half (curve B) of the spinal cord from the 
level of the first spinal nerve to the level of the 
seventh in a normal Amblystoma larva. Abscissac 
represent respective spinal nerve levels (1 to 7). 
Ordinates represent the mean number of cells counted 
in ten alternate sections through each nerve level. 
For further explanation v. Detwiler ‘25d. 


when moved caudally in the embryo does 
not decrease in cellular proliferation to 
such an extent as was found in the case 
of the spinal cord reversal experiments 
involving the anterior limb region ('23b). 
The transplanted segments approach their 
typical size and normal cellular prolifera- 
tion in the more caudal position. The 
proliferation of cells in the transplanted 
segments was found to take place more 
extensively in the dorsal than in the 


$2 $3 TS! 8&7 


Fic. 8. Curve showing extent of cellular prolifer- 
ation throughout the dorsal half (curve A) and 
ventral half (curve B) of the spinal cord from the 
first to seventh nerve levels in experimental case 
TrSC,,. The fourth, fifth, and sixth segments of the 
spinal cord were replaced by a unit of cord comprising 
the first three segments from another embryo. Ab- 
scissae indicate respective spinal nerve levels (1 to 7). 
Ordinates indicate mean number of cells counted in 
ten alternate sections through each nerve level. 


in the difference between proliferation 
throughout the dorsal and the ventral 
regions of the transplanted segments as 
compared with the normal, suggests that 
in these segments capacity for self-differ- 
entiation is much higher in the dorsal 
portion of this region of the cord. 
Cellular hyperplasia throughout the 
dorsal region of the intact anterior seg- 
ments of the cord under the experimental 
conditions points to a stimulative influ- 
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ence exerted upon these regions by the 
transplanted segments lying caudal to 
them. This influence is seen to be effec- 
tive only throughout the dorsal regions. 

It would appear from the character of 
the results that there exists in the dorsal 
region of the anterior segments of the 
cord, particularly in the first and second 
segments, sensory centers inherently of 


strong sensory pathways (spinobulbar) 
are developed cephalad into the brain. 
If these results are viewed from the 
standpoint of the effects brought about 
through the influence of growing axones, 
it would seem that there are two main 
influences affecting the final proliferation 
in the anterior segments of the cord. 


These seem to show a correspondence with 


160 


140 


Tr Med 


First five segments of the cord excised and replaced by 


two spinal segments from another embryo. The transplanted first and second spinal segments occupy the 
position of the normal fourth and fifth respectively. Abscissae and ordinates as in figure 7. 


high capacity for proliferation and that 
a strong influence passes out from this 
center—particularly in a cephalad direc- 
tion. The question has been raised previ- 
ously ('25d) whether or not this influence 
may be associated with the extent to 
which ascending tracts arise in this region, 
for this region is one through which 


Fic. 9. Grars Extent or Proirgration tn THe Dorsat Hare (Curves A) anp tae VanTRrat 
Harr (Curve B) or tHe Sprvat Corp mw Expsrmeenrat Case TrBrSCl 
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the caudal end of an extraneous medulla and the first 


the direction in which the principal path- 
ways are growing. When the grafted 
anterior segments of the cord are preceded 
by an extraneous medulla, proliferation 
in the grafted segments is increased, but 
the relation between dorsal and ventral 
proliferation is essentially typical (cf. 
figs. 7 and 9). On the other hand, when 
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the anterior segments are transplanted 
to these same levels, but with the first 
three segments left intact, proliferation 
in the dorsal regions of the transplanted 
segments is disproportionately high. The 
same is true for the intact anterior seg- 
ments (figs. 7 and 8). The fact that a 
normal dorso-ventral relationship results 
when the grafted spinal segments are 
preceded by an extra medulla, argues for 
a bulbar influence on these segments un- 
der normal conditions which is stronger 
ventrally than dorsally. Certainly the 
inherent capacity for extensive prolifera- 
tion in the ventral regions of the anterior 
end of the cord is not as high as in the 
dorsal regions and only when preceded 
by an extraneous medulla does this ven- 
tral region proliferate in proportion to the 
dorsal. 

How far these results can be brought in 
line with the action of gradients I am not 
yet in a position to state. If viewed 
from this. standpoint, they indicate that 
in the sensory region of the anterior end 
of the cord, there exists a center of domi- 
nance with a physiological influence pass- 
ing cephalad as evidenced by the cellular 
hyperplasias occurring throughout the 
sensory regions lying in front of the graft. 

Although numerous agencies are at 
work in the embryological development 
of the nervous system (Herrick, '25), 
there appears to be no doubt from experi- 
mental evidence that there is a stimulative 
influence resulting from the growth of 
nerve fibers into a field in the process of 
differentiation. 

In addition to the indications brought 
out in my own experiments, the work of 
Burr offers corroboration in this 
connection. In his earlier work on the 
removal of the nasal placodes in Ambly- 
stoma embryos, Burr ('16a) found that 
the corresponding cerebral hemisphere 
failed to complete its development. Up 


to the time when the nasal organ begins 
to function, the hemisphere on the 
operated side was as well developed as 
on the normal side. Since it failed to 
complete its development after that pe- 
riod, Burr concluded that the hemisphere 
receives a stimulation from the functional 
activity of the endorgan (nasal placode) 
which affects its complete development. 
In this connection he cited the results of 
Braus (‘06) on the forelimb rudiments of 
Bombinator. Burr ('16b) found further 
that regeneration of the hemisphere failed 
in the absence of the olfactory placode, 
but ensued if the placode was left intact. 
Here it is evident that some influence from 
the peripheral organ is essential for the 
regeneration of the olfactory centers in the 
brain. 

In a later work’Burr ('20) came to the 
conclusion that some stimulus associated 
with the ingrowth of axones rather than 
the transmission of stimuli over already 
formed pathways influences cellular de- 
velopment in the hemisphere. In this 
connection Burr performed two series of 
experiments. In the first, the cerebral 
hemisphere with the adjacent olfactory 
placode was transplanted to a region just 
caudal to the right anterior limb and 
buried beneath the skin. In the second 
series, the same structures were trans- 
planted to the same region but in this case 
the olfactory epithelium was healed into 
the skin and exposed to the exterior as 
under normal conditions, whereas the 
telencephalon was deeply buried. Burr 
found that the telencephalon was as com- 
pletely organized in one type of experi- 
ment as in the other, indicating, therefore, 
no influence of a functionating end-organ 
on cellular production in the telen- 
cephalon. From his two types of experi- 
ments he concluded that the ingrowth of 
peripheral axones into the wall of the 
hemisphere was the important agent 
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influencing cellular proliferation in the 
hemisphere and not the functional activ- 
ity of the end-organ. He strengthens 
his point of view by the observations that 
the ventral portion of the hemisphere 
which, by reason of the operation, is cut 
off from normal ascending fibers is much 
less differentiated whereas the dorsal 
portion, the function of which is entirely 
olfactory, is practically completely devel- 
oped with the exception of the tracts con- 
necting it with the rest of the brain. Burr 
says (page 165): 

. Hence it is reasonable to suppose that a 
part of the differentiation of the nucleus medialis 


septi and the primordium hippocampi is due to the 
ingrowth of centripetal fibers. 


He says further 


. . « « It is evident then that the factor which pro- 
duces the second phase of nervous development in the 
telencephalon is not the functional activity of the 
aasal epithelium transmitted through the olfactory 
aerve, but rather the stimulus afforded by the actual 
ingrowth of neurones into the wall of the hemisphere. 


It would be interesting, however, in 
connection with Burr's experiments to 
test out whether the olfactory epithelium 
which was exposed to the surface (second 
type of experiment) was actually capable 
of function, and, further, it would be 
important to know how far proliferation 
in the olfactory portion of a grafted hemi- 
sphere would proceed in the entire ab- 
sence of an olfactory placode. 

The part played by fiber ingrowth in 
cellular production receives more sub- 
stantial confirmation in Burr's later experi- 
ments ('23) in which he transplanted an 
accessory nasal placode adjacent to the 
normal. Here he found that connections 
were established with the hemisphere and 
that the augmentation of olfactory fibers 
thus entering the hemisphere brought 
about a cellular hyperplasia in the ol- 
factory territory of the same. 
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In an analysis of Burr's work, Herrick 
says 


It may be inferred that the developing olfactory 
epithelium produces some soluble substance (hor- 
mone) which diffuses through the tissues and acti- 
vates the cells of the adjacent brain wall to more rapid 
proliferation, or that differences in bioelectrical 
potentials in the ingrowing olfactory organ can cut 
across the very short distance between this organ 
and the brain and so stimulate growth in the latter, 
or that the permeability of the tissue has been modi- 
fied in some other way. 


Herrick (op. cit.) brings out the point 
that this influence which is exercised upon 
the developing brain by the rapidly grow- 
ing peripheral sensory surface may be of 
much more generalized nature physiologi- 
cally than a true nervous impulse and 
indeed may be some phase of the general 
physiological gradients or some allied 
kind of process, as he terms it. 

Coghill ('24b) has shown that there is a 
correlation between neuroblastic prolifera- 
tion in certain regions and axonal in- 
growth into the same, but calls attention 
to the point that, since high rates of 
proliferation are complete before axonal 
ingrowth in that region has occurred, the 
ingrowth of the axones is not the cause of 
proliferation. His figure 6, page 85, 
shows that the great increase in neuro- 
blastic proliferation (285.4 per cent) in 
the cerebrum of Aimblystoma between the 
coil stage and the early swimming stage 
is simultaneous with’ the ingrowth of the 
olfactory and the optic nerves. In regard 
to this point he says, ‘‘It is conceivable 
that the accelerated differentiation in the 
cerebrum stimulates the ingrowth of the 
olfactory and optic fibers.’’ He also calls 
attention to a correlation of the rapid 
differentiation of neuroblasts in the rhom- 
bencephalon at early periods with the 
ingrowth of the nerve roots. 

It is clear from Coghill’s work that there 
are factors other than the growth of nerve 
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roots which activate proliferation of 
neuroblasts in the early stages. Never- 
theless, there seems to be abundant ex- 
perimental evidence to suggest that in 
later stages, at least, cellular proliferation 
becomes more clearly correlated with 
fiber invasion, and in fact, may be pri- 
marily under the influence of this agent. 

In some recent experiments on embry- 
onic eye transplantation (May and Det- 
wiler, '25)) we have obtained results which 
are of especial interest in this connection. 
The eye was transplanted into a wound 
resulting from excision of the otic placode 
(fig. 19). Incidently the olfactory pla- 
code was grafted along with the eye. Of 
15 cases examined microscopically, the 
optic nerve was found to enter the IX-X 
ganglion in 4 cases, the unremoved portion 
of the VII-VIII ganglion in 3 cases, and 
in 1 case it entered the medulla. The 


ingrowth of the axones into these nerve 
centers brought about a hyperplasia rang- 
ing from 22 to 52 per cent of the 


normal. 

The exact manner in which axones 
growing into a region undergoing differ- 
entiation brings about increased cellular 
production is difficult of analysis. There 
seems to be at present no valid objection 
to interpreting the results in line with 
Cajal’s neurotropism theory. Coghill 
('24a) brings out the fact that nerve cells 
grow while they function and suggests 
that the power of one neurone to activate 
growth processes in another has origin 
in the growth phase rather than in the 
conduction phase of its metabolism. He 
cites in this connection the experiments of 
Harrison (‘o4b) in which he narcotized 
frog embryos in a 0.02 to 0.03 per cent 
solution of chloretone during the period 
when the early nervous pattern is being 
laid down and found that, upon removal, 
at a period five days later, they were able 
to complete normal swimming move- 


ments in the course of about five minutes. 
Certainly this type of experiment argues 
for an influence other than that brought 
about through nervous conduction. Re- 
cent unpublished experiments by Mat- 
thews in the Harvard laboratory show 
that embryos narcotized for a period of 
fifteen days undergo a greatly retarded 
differentiation but that complete recovery 
of normal reflexes is realized in some cases, 
although the recovery period is consider- 
ably longer than when narcotized for 
shorter periods of time. It would ap- 
pear from the character of the results that 
the delay in recovery results from the 
prolonged lowering of the growth poten- 
tials, though there is, as yet, no quantitive 
data in this connection. 

The action of sensory fibers in bringing 
about the formation of sensory elements 
with which they are later in intimate 
contact, either through contiguity or con- 
tinuity has been observed in normal de- 
velopment and also in regeneration. Szy- 
monowicz ('95, '96) stated that both in 
the case of the corpuscles of Merkel and 
in the corpuscles of Grandy and Herbst, 
the differentiation of the sense organ is 
dependent upon the nerve. In the taste 
buds of fishes (Landacre, ’07) and in those 
of man (Marchand, 'o2), it appears that 
the gustatory nerves are the elements 
which cause differentiation of taste cells. 
Boeke (17), Olmstead ('20), and May 
(25) found that it is the regenerating 
sensory nerves which bring about the for- 
mation of the new taste cells, following 
experimental degeneration of the taste 
buds. 

All of these observations may be indic- 
ative of the presence of some stimulating 
substance (secretion) given off by the 
regenerating nerve which activates the 
formation of a new taste bud, and it may 
be that the sensory hyperplasias which 
have been related to the influence of in- 
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growing neurones, may be brought about 
in the same way. 

How far hormone action or some allied 
activity is effectual in these processes it 
is, of course, difficule to determine. 


SELECTIVITY OF NEURONES 


Observations by Kappers ‘21, '22), 
Child ('21), Bok (15), Ingvar ('20) and 
others offer grounds for theories of the 


Fic. 10. A Diacrammatic Pian or THE SEGMENTAL 
Nerve ConTRIBUTION TO THE TRANSPLANTED 
(TL) anv Tae Receneratep 
(RL) Case AS4is 
Right anterior limb grafted to position four body 
segments caudal to the normal. Regeneration of 
limb in orthotopic position. The normal brachial 
nerves arise from the third, fourth, and fifth segments 

of the cord. 


development of neurone pattern and selec- 
tivity within the nervous system on the 
basis of biolectric potentials within the 
organism, yet when we consider the ques- 
tion of cellular proliferation, peripheral 
selectivity of axones and other allied 
phenomena, many interpretations seem 
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difficult unless it is assumed that more or 

less specific substances (hormones) which 

exert an attractive influence, are at work. 
Child (21) in his discussion of neurone 
pattern says that in the connection of the 
nerves with the peripheral territory, 
chemotaxis may play a part. Herrick 
(25) also considers this a real factor in 
nervous differentiation although he points 
out that this action is not very specific 
as is readily indicated by the fact that 
nerves will grow and effect functional con- 
nections in most atypical places. In this 
connection he cites Burr's ('20) experi- 
ments on transplanted olfactory placodes, 
Stone’s ('24) experiments on the trans- 
plantation of other cranial placodes, and 
my own observations on the spinal nerves 
of Amblystoma in effecting connections 
with transplanted limbs. In the limb 
experiments it was found that brachial 
nerves of Amblystoma larvae would grow 
considerable distances out of their normal 
course to effect functional connection with 
the grafted appendage (‘20b, '22), yet 
when the limb was grafted at too great a 
distance, spinal nerves which normally 
never enter a limb, produced the brachial 

plexus, in spite of the so-called ‘‘prefer- 
ence’’ of the brachial nerves for their own 

end-organ. In none of the limb experi- 
ments has there ever been any evidence of 
an absolute muscle-neurone specificity. 
The same is brought out in the experi- 
ments of Harrison ('07a),. Braus (05) and 
also more recently by Weiss ('23b). 

In some recent limb experiments (Det- 
wiler, ‘25b) the right anterior limb of 
Amblystoma was transplanted the dis- 
tance of four body segments caudal to the 
normal situation, under conditions allow- 
ing for the regeneration of an appendage 
in the normal position (figs. 16, 17). 
This procedure was adopted with the 
view of bringing about limb development 
in both heterotopic and orthotopic posi- 
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tions, and in such a way that initial limb 
development in the heterotopic position 
might be advanced over that in the 
orthotopic position. In many such cases 
with two anterior limbs, the normal 
brachial nerves (third, fourth and fifth) 
were distributed to both appendages 
although such distribution did not 
always involve any peripheral communi- 
cation of the nerves (fig. 10). In sev- 
eral cases, the fifth nerve, which typi- 
cally supplies the normal limb, was found 
to grow caudally a considerable distance 
and supply a large portion of the muscula- 
ture of the grafted limb. Weiss ('23a, '23b, 
‘23¢, recently reported interesting 
grafting experiments upon differentiated 
limbs of salamander larvae. In cases 
where a forelimb was placed near an intact 
hind limb, the hind limb nerves which 
were severed in the operation became re- 
distributed to both limbs. In one such 
case complete innervation of the grafted 
limb originated from branches of the third 
lumbar nerve, which normally innervates 
only the adductors of the femur and the 
flexors of the knee. Analogous move- 
ments of the homologous muscles which 
were observed in both the experiments of 
Weiss and myself cannot be correlated, 
therefore, with specific nerve regeneration 
to homologous muscles. The acquisition 
of nerves by the grafted limbs in both 
types of experiments tends to point to- 
wards a similarity between the attractive 
influence exerted by degenerating nervous 
tissue in the regenerating nerves such as 
Weiss observed, and that exerted by the 
differentiating limb rudiment on out- 
growing nerves as was found in my own 
experiments. It is obvious from the latter 
experiments that the transplanted limb 
exerts a stronger influence on the fifth 
nerve (caudal of the brachial nerves) than 
does the regenerating limb, otherwise the 
fifth nerve should supply the orthotopic 
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extremity just as it does under normal 
conditions. When the normal limb rudi- 
ment is not removed and an additional 
limb rudiment is placed three or four 
segments caudal to it, the latter is never 
supplied by the fifth nerve. 

It is difficult to analyze the exact nature 
of this attraction. The differentiating 
limb rudiment must be regarded as a 
region of high physiological activity. 
According to Child (’21) such regions are 
electropositive with respect to their sur- 
roundings. Such being the case, it is con- 
ceivable that the axones coming into the 
general vicinity of the differentiating 
limb are attracted by the electric field, 
and electrical polarization may be brought 
about much after the same fashion as ob- 
tains in the central nervous system ac- 
cording to Kappers ('17, "21) or Child 
C21). This seems to be applicable to 
any nerve which develops in the vicinity 
of the electric field. It may be exempli- 
fied by the fact that limbs placed in a 
position four segments caudal to the 
normal may receive nerves from the fourth 
to the eighth segments inclusive, but 
“*preference’’ seems to be given to the 
fifth and sixth, presumably because the 
outgrowth of the nerves from these levels 
of the cord are in advance of those caudal 
to them. The only reason offered in 
explanation of the failure of the third and 
fourth nerves to grow caudally to the 
transplanted limb is because the point of 
high physiological activity (differentiat- 
ing transplanted limb rudiment) is too far 
removed to be effective on such a cephalic 
level. 

In the cases with a heterotopic limb 
placed four segments caudal to the normal 
and a regenerating limb in the orthotopic 
position, we have two centers of high 
physiological activity, but the growth 
activity of the grafted limb rudiment is 
exerted earlier than that of the regenerat- 
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ing one by reason of the initial delay re- 
sulting from reorganization in the latter. 

Kappers ('21) suggests the probability 
that in embryos, the proliferation of 
muscle has the same influence as func- 
tionating adult tissue, and that this pro- 
liferating tissue may thus activate irradia- 
tions of nervous currents from the spinal 
cord. He makes use of the observations 
of Herrick and Coghill (15) on the devel- 
opment of reflex mechanisms in Ambly- 
stoma, and suggests that the initial con- 
traction of the myotomes sets free action 
currents already present in the longitu- 
dinal tracts of the central nervous system, 
as was evidenced by the fact that the 
primary root fibers originate as collaterals 
from these longitudinal tracts. (Her- 
rick and Coghill, op. cit., fig. 3.) 

Bok ('17) has pointed out that the con- 
nection between certain muscles and some- 
times widely distant places of the central 
nervous system has to be explained by the 
fact that the contraction of muscle (which 
precedes the formation of nerve roots) 
exerts a trophic action upon the central 
fibers. 

Further evidence of the attraction of 
differentiating muscle on nerve is shown 
by the experiments of Hoadley ('25), who 
transplanted pieces of embryonic chick 
mesencephalon and somitic tissue to the 
chorio-allantoic membrane. He found 
that the nerve fibers which normally are 
never related to muscle (visual correlation 
fibers) will grow out from the mesen- 
cephalon into the differentiating muscle. 


Since these fibers will also penetrate into 
other tissues, Hoadley says that the at- 
traction must be of a very general nature, 
and in his analysis of the situation is 
inclined to view the attraction as a dy- 
namic process (galvanic) rather than one 
of chemotaxis. 

Although bio-ciectric conditions may 
be responsible for the general ingrowth of 
axones into a field of rapid proliferation 
by reason of the high physiological ac- 
tivity set up—hence an electrical polari- 
zation (Child, '21), it does not appear to 
the writer that in the present state of our 
knowledge we can account for the pe- 
ripheral selectivity of nerve with muscle 
without assuming that the muscle or 
groups of muscle produce substances (hor- 
mones?) at particular. periods of their 
differentiation, which act chemotactically 
upon nerve fibers which are growing into 
their general vicinity. 

In our eye transplantation experiments 
(May and Detwiler, '25) we found that, 
in general, there was a shifting of the 
ganglion towards the entering optic nerve 
from the transplanted eye. In one case 
where the transplanted optic nerve entered 
the medulla, there was a shifting of the 
nerve cells from their normal position 
into the white matter at the point of 
entrance of the nerve. We have already 
discussed this reaction and similar ones 
in the light of the theory of neurotropism 
of Cajal, and of Kappers’ neurobiotaxis 
theory. We also raised the question as to 
whether or not the cell migration towards 


PLATE 1 
Fic. 11. Photograph of reconstruction models of the left third and fourth spinal ganglia which are in con- 


nection with the normal intact anterior limb. X 50. Case AS4zs. 

Fic. 12. Photograph of reconstruction models of the right third and fourth spinal ganglia, showing reduction 
in size resulting from excision of the limb with which they are normally connected. X 50. 

Fic. 13. Photograph of reconstruction models of the normal left sixth and seventh spinal ganglia which 


normally have no connection with a limb. X 50. 


Fic. 14. Photograph of reconstruction models of enlarged right sixth and seventh spinal ganglia supplying 


afferent nerves to a transplanted limb. X 50. 
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the entering optic nerve might be an 
ontogenetic example of Kappers’ phylo- 
genetic theory. Further experiments 
along this line are in progress. 
REGENERATION 

The agencies which are operative in 
reparation of the central nervous system 
of amphibian larvae following experi- 
mental injury have been studied in an 
experimental way by a number of in- 
vestigatots. Hooker ('15) completely 
severed the spinal cord of frog embryos at 
the stage of closed neural folds with a 
view of analyzing the processes leading to 
its reunion. He found that the spinal 
cord underwent complete regeneration 
and that the process of reunion is affected 
primarily by the development of nerve 
fibers which bridge the gap and establish 
physiological continuity. He calls at- 
tention to similar observations made by 
Brown-Séquard (49) and by Harrison 
C1ob). Whereas Hooker found that both 
pieces of the sectioned cord played a réle 
in the reunion process, Masius and Van 


Lair ('69) claimed that the caudal stump. 


played no part in the regeneration of the 
cord in adult frogs. 

Hooker (op. cét.) found that when the 
cut ends of the spinal cord were brought 
into contact with each other, healing per 
primam resulted. When the wound sur- 
faces were somewhat separated, reunion 
was established by a definite sequence of 
events. Using his wording these are: (4) 
the development of nerve fibers from the 
motor cells of each segment of the cord, 
(6) the growth of sensory axones from the 
cut surface of the posterior stump, (¢) 
the outgrowth of fibers from the epithelial 
cells of the canalis centralis of either end 
of the cord, (d) the wandering of neuro- 
blasts into the fibrous net between the cut 
ends from both stumps, and (¢) the elonga- 
tion of both ends of the spinal cord to- 
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wards each other by the proliferation of 
epithelial cells of the canalis centralis 
and the consequent lengthening of the 
canal. 

Hooker also showed that the elements 
entering into the regenerated portion of 
the cord are derived entirely from the 
original cord, and that neither connective 
tissue nor epithelium take any part in the 
process. 

In his second paper, Hooker (17) re- 
ports the results of reversing end-for-end 
a portion of the cord on the healing of the 
cord wounds, the polarity of the elements 
of the cord, and upon the behavior of the 
larvae. He found as did Spemann (12) 
that the reversed piece retained its original 
anatomical polarity. Under simple sec- 
tion of the cord the reunion is established 
first by the caudal growth of the motor 
processes from the cephalic stump, which 
in turn is followed by the cephalic growth 
of sensory processes. In the embryo with 
a reversed middle piece, following double 
section of the cord in the cervical region, 
the normal relationship between the 
direction of the growth of all the processes 
and the antero-posterior axis of the body 
has been completely upset so that the 
nerves which were originally descending 
processes grew in an ascending direction 
and vice versa. Also the reversal brings 
together at the cephalic wound surface a 
series of nerve fibers growing in the op- 
posite direction which are all descend- 
ing processes, and, at the caudal wound a 
number of fibers growing in both direc- 
tions which are ascending processes. 
Under these conditions there was present 
a marked tendency on the part of the 
nerve fibers to avoid entering the opposite 
wound surface. In spite of this ‘‘an- 
tagonism"’ between “‘like’’ surfaces, fibers 
did bridge the gap in many cases and re- 
establish continuity. 

Although the neurones begin their 
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development in the normal orientation 
to the reversed piece, the direction of the 
transmission of stimuli is reversed as 
evidenced by the normal reflex behavior 
of the larvae. Regarding this point 
Hooker (op. cit., page 445) remarks 


. . « « It is of course doubtful whether there is 
any real specificity of ascending and descending 
processes and the physiological results obtained 
certainly demonstrate that a considerable degree of 
adaptation has taken place here, in that the descend- 
ing processes must certainly function as ascending 
processes and vice versa. In this sense, therefore, 
we must conclude that there is a reversal in the 
polarity of the elements contained within the re- 
versed piece of the spinal cord, though whether this 
reversal in polarity includes anatomical reversal of 
the cells themselves is very doubtful. It is much more 
probable that only the direction in which the stimuli 
travel along the processes is the reverse of its usual 
course. 


Corroboration of such functional re 
versal as obtained by Hooker has been 
physiologically brought out in the spinal 
cord reversal experiments in Amblystoma 
embryos (Detwiler, '23b). 

In a recent paper Hooker ('25) has 
described the processes which establish 
anatomical continuity in transected cords 
of frog tradpoles, and his paper gives a 
résumé of work done by other investiga- 
tors in this field. His observations show 
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that the structural restoration of the 
severed spinal cord demands the presence 
of four types of elements. According to 
him these are: ependymal cells, neuraxes 
derived from neuroblasts of the original 
cord, spongioblasts, and neuroblasts. The 
principal problem according to him is the 
supply of spongioblasts and neuroblasts 
to restore the other elements of the cord. 
Apparently the necessary neuroblasts and 
spongioblasts may be derived by the cyto- 
morphosis of cells already present, or by 
the production of additional elements by 
proliferation. A shifting of cells and 
their migration for greater or lesser dis- 
tances also seems to be necessary. 

In addition to showing the cellular 
elements requisite for regeneration of the 
cord, and the methods by which the repair 
processes are carried out, Hooker's 
observations also indicate the existence of 
some directive stimulus on the growth of 
the neuraxes. The same conclusion is 
made by de Né ('21) who speaks of it as a 


neurotropism. 

Other evidence of attraction in the 
growth and restitution processes following 
cord transection are brought out in the 
experiments of Wieman ('22). Wieman 
rotated pieces of spinal cord at ninety 
degrees to the antero-posterior axis and 
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Fic. 15. Photograph of Amblystoma larva showing"right anterior limb transplanted the distance of four 
body segments caudal to the normal position. Fifty days after operation. 2. 

Fio. 16. Photograph of Amblystoma larva (fifty-three days after operation), showing right anterior limb 
transplanted (with inverted orientation) the distance of four body segments caudal! to the normal position. 


Regeneration of limb in orthotopic position. X 2. 


Fio. 17. Photograph of Amblystoma larva (fifty days after operation) with right anterior limb rudiment 
transplanted the distance of three body segments caudal to the normal position. Transplanted extremity com- 
pletely reduplicated. Regeneration of limb in orthotopic position. X 2. 

Fic, 18. Photograph of Amblystoma larva (seventy days after operation) in which the anterior limb region 
of the spinal cord (third, fourth, and fifth segments) was excised and replaced by a more caudal unit of cord 
(seventh, eighth and ninth segments) from another embryo. X 2.2. 

Fic. 19. Photograph of Amblystoma larva showing transplanted cye in position of the car. X 4. 

Fie. 20. Photograph of Amblystoma larva TrSc 30 in which the third, fourth, and fifth spinal segments 
have been replaced by a unit of cord comprising the first, second and third segments from another embryo. 


X 2.4. 
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purposefully interposed somitic tissue 
between the intact stumps and the rotated 
piece. In this way healing per primam 
was prevented, and the reunion was 
established first by the caudal growth of 
descending processes which was followed 
by the cephalic growth of ascending proc- 
esses as observed by Hooker ('17). He 
found that the descending processes al- 
ways pierce the rotated piece through its 
originally cephalic end, and the ascending 
ones always enter the originally caudal 
surface, yet the chances for the opposite 
course are equally advantageous as far as 
distance is concerned. Wieman corrobo- 
rates Hooker in that the descending tracts 
are reéstablished before the ascending 
ones. In fact Wieman states that the 
development of ascending tracts depends 
upon a prior formation of descending ones 
through the operated region. This is 
strongly ‘suggested by the greater fre- 
quency of fusion between the rotated piece 
and the stump found to obtain in higher 
levels of the cord as compared with the 
more caudal levels. The relation found 
to occur between the time of motor and 
sensory reunion bear out in an experimen- 
tal way Coghill’s observations on the 
development of reflex arcs of the cord. 
Wieman ('25) found, that when the 
sectioned piece was oriented at 135 de- 
grees to the normal, some cases healed per 
primam and a complete reversal of func- 
tional polarity ensued. In others, the 
isolation of the transplanted piece was 
maintained for a long enough time to al- 
low the inherent polarity to come to full 
expression. In such cases descending con- 
nections failed. Wieman believes that 
this is due to the fact that the metabolic 
gtadient set up at an angle of 135 degrees 
to the principal gradient inhibits the for- 
mation of descending tracts to a greater 
extent than when the gradient of the trans- 
planted piece forms an angle of go degrees. 
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Wieman's results show that nervous 
reunion between the transplanted neural 
tube and stumps depends primarily upon 
the development of descending outgrowths 
from the anterior neural stump. 

Since both Hooker and Wieman find 
that the first repair process in cases not 
healing per primam is the outgrowth of 
neuraxes, and that this is followed by 
proliferation of cells in the original cord 
(Hooker, '25), it may be that this pro- 
liferation is set up under a stimulative in- 
fluence of fiber invasion. If this should 
actually prove to be the case, it would 
place regeneration processes at least in 
part upon the same basis as those found in 
normal morphogenesis. 

Another subject of general interest to 
the students of the nervous system pertains 
to the influence of the developing nervous 
system upon the morphogenesis and 
regeneration in other systems. This mat- 
ter is under experimental investigation 
and constitutes a subject which space will 
not permit of discussion in this paper. 
Recent researches by Weiss ('25) and by 
Hamburger ('25) show a controlling in- 
fluence of the nervous system upon the nor- 
mal development and regeneration of the 
extremities in amphibians. Their papers 
contain discussions of the researches of 
others in this field, as well as valuable 
bibliographies. 

It has not been the purpose in this 
communication to review the entire sub- 
ject of morphogenesis in the nervous 
system, but merely to point out the trend 
of certain lines of experimentation 
in this field, and the results which they 
have so far achieved. It is hoped that 
continued work along such and other 
lines may contribute to clearer inter- 
pretations of the perplexing problems 
of morphogenesis and to our knowledge 
of structure-function correlations in the 


nervous system. 
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A REVIEW OF THE DISCOVERY OF PHOTOPERIODISM: 
THE INFLUENCE OF THE LENGTH OF DAILY 
LIGHT PERIODS UPON THE GROWTH 
OF PLANTS 
By K. F. KELLERMAN 


Bureau of Plant Industry, United States Department of Agriculture 


IGHT is so obviously important for 
the well-being of most living 
things that, as might be ex- 
pected, there is a wealth of 

literature describing the results of careful 
studies of the effect on plants of sunlight 
and of artificial light, of light of different 
colors, and of different intensities. 

It was not, however, until the pain- 
staking. and brilliant researches of Dr. W. 
W. Garner and his associates that the 
remarkable significance of changes in the 
duration of the daily periods of light and 
darkness was realized. For many plants, 
perhaps for most plants of the temperate 
zone, the length of the day—that is, the 
number of hours and minutes of continu- 
ous daylight—is a far more critical factor 
in determining character of growth than 
is the intensity of the light. For ex- 
ample, the common blue violet is known 
as a typical spring flower. In other 
words, these blue flowers are produced at 
a time of year when the daylight period 
is relatively short. Violets may be pro- 
duced at any season of the year, however, 
by exposing the plants to the proper 
number of hours of light (plate 1, A); 
thus even in midsummer typical blue vi- 
olets may be secured by placing the plants 
in an absolutely dark room, and each day 
bringing them out into the sunlight for 
a period of about 10 hours. _ On the other 
hand, the common rosemallow does not 
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flower unless it is exposed daily to a light 
period of more than 12 hours. Buck- 
wheat, which is capable of producing 
flowers throughout the range of a daylight 
period varying from 5 hours up to 20 
hours, and probably even in continuous 
illumination, is an extreme example of a 
third type of plants, overlapping but 
very distinct from the first two. 


PHOTOPERIODISM 


Garner has coined the word ‘‘photo- 
periodism’’ to designate these responses 
to length of day, and for convenience in 
describing the behavior of different plants 
has arbitrarily grouped those experi- 
mented with up to the present time into 
(x) short-day, (2) long-day, and (3) ever- 
blooming plants. 

Using the equatorial length of day of 
12 hours as a standard, plants belonging 
to the first or short-day group are those 
which can bloom only under a daily light 
period of 12 hours or less; plants of the 
second or long-day group can bloom only 
in a day light length of more than 12 
hours; plants of the third group are cap- 
able of blooming throughout these ranges. 
It should be noted that not only botanical 
species but even horticultural varieties 
and strains differ markedly as to the par- 
ticular length of day most favorable for 
flowering. Furthermore, they also differ 
widely as to the narrowness of the range 
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in day length which will permit flower- 
ing. Climbing hemp-weed, for example, 
can flower only between the daylight 
ranges of 13} hours to 153 hours, the most 
favorable period being approximately 
between these figures. The Biloxi variety 
of soybeans, however, which cannot 
flower in a day length in excess of 13 
hours and with an optimum flowering 
period of approximately 10 hours, cannot 
be given a sufficiently short light day to 
entirely suppress flowering and maturity. 
The continuity of the light period has been 
assumed in these statements. Alternate 
exposure to r-hour periods of light and 
darkness, although perhaps enabling a 
plant to grow vigorously, is not equiva- 
lent to a 12-hour daily exposure to con- 
tinuous light; and plants which normally 
flower actively in the 12-hour daylight 
period are totally unable to flower under 
alternate hours of light and darkness, 
even though they are thus receiving 12 
hours of light out of the 24. Curiously 
enough, however, a single break in an ex- 
tended daylight period appears to have 
little if any effect upon the response to 
the light period measuring from the 
beginning to the end. A plant, such as 
the Biloxi soybean (plate 1, B), capable 
of flowering actively in a 12-hour light 
period will continue to develop in an ap- 
parently identical manner if placed in the 
dark during 2 hours in the center of each 
light period so that it is actually receiving 
but 10 hours of light daily instead of 12. 
It would thus seem that whatever reac- 
tions or processes may be initiated in the 
plant by the light rays, some time is re- 
quired to bring about these responses, 
and that the momentum of the reaction 
is sufficient to bridge the gap caused by a 
single short dark period in the middle of 
the day. It is not possible, as yet, to 
determine how extensively the light 
period may be broken before interfering 


with its controlling effect on the plant; 
nor is it possible to determine the limits 
of decreasing intensity of light below 
which plants do not react. It is note- 
worthy, however, that supplementing 
the daily period of sunlight with ordinary 
incandescent lights of approximately one 
one-thousandth of the intensity of sun- 
light is sufficient to bring about the 


flowering response of long-day plants. 
LENGTHENING DAYS WITH ELECTRIC LIGHT 

Equipping an ordinary greenhouse with 
incandescent lights giving an average 
light intensity of about 4 candlepower at 
the surface of the soil was found sufficient 
for bringing many plants into blossom, 
although this light contains practically 
no ultra violet rays and is equally lacking 
in many other rays present in sunlight. 
Even differences in color of light have 
been found of relatively little significance 
in causing or preventing flowering. This 
weak light used to supplement the short 
days of the winter season was turned on at 
sunset and extinguished at midnight in 
each 24 hours. The short-day plants, such 
as common cosmos and narrow leaved sun- 
flower (plate 2, A and B) in the artificially- 
lighted greenhouse were unable to flower 
but continued vigorous vegetative growth. 
When grown in a greenhouse receiving 
only the natural light of the winter day 
but under the same conditions of tem- 
perature and moisture these same species 
of plants, though very small, flowered 
promptly. The long-day plants, on the 
other hand, such as golden rod and Core- 
opsis (plate 3, A and B) grew but poorly 
in the greenhouse receiving only winter 
daylight, while they grew vigorously and 
produced their flowers in a normal sum- 
mer manner in the greenhouse where the 
winter day was artificially lengthened by 
the electric light. Spinach planted in the 
naturally lighted greenhouse developed a 
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typical rosette of leaves throughout the 
winter, while in the electrically-lighted 
house it bloomed within 6 weeks of germi- 
nation. Spinach is mentioned particu- 
larly, because hitherto the generally 
accepted idea of the outgrowing of the 
rosette stage and sending up blooming 
stalks of spinach is that it was caused by 
the advancing temperature of summer. 


LOCALIZED FLOWERING RESPONSE 


The extremely local character of the 
flowering response to the daylight period 
is so remarkable that it deserves special 
consideration. Using cosmos as the basis 
of the experiment, young seedlings prop- 
agated under long-day conditions were 
cut back and forced to develop two ap- 
proximately equal branches. Some time 
afterward cardboard screens were placed 
between the two branches so that each 
branch of the same plant could be given 
different periods of illumination (plate 4, 
A). Under these conditions the branch 
exposed to the short day promptly 
flowered, matured, and passed into a typi- 
cal state of decline following maturity, 
while the branch exposed to the longer 
illumination period continued the vigor- 
ous vegetative type of growth. The 
lower stem of the plant continued to grow 
in harmony with the development of the 
vegetative branch and apparently was un- 
affected by the mature and dying condition 
of the branch which had fruited. Elabo- 
rating these experiments, specially con- 
structed light-proof boxes were placed 
about different portions of a well devel- 
oped cosmos plant. When the upper 
portion of the plant was exposed to ap- 
proximately 15 hours of light while the 
lower portion was given 10 hours of light, 
flowers promptly developed on the lower 
portion, while the upper portion remained 
in vigorous vegetative condition. When 
both the top and bottom third of the 


plant were exposed to the short light 
period and the central portion was ex- 
posed to the longer light period, flowering 
and fruiting on the top and bottom thirds 
very soon developed while the central 
portion remained vigorously vegetative 
(plate 4, B). If carefully handled, these 
localized responses may be continued for 
several months. In so far as the develop- 
ment of the flowering habit is concerned, 
therefore, it seems that each portion of the 
plant is capable of responding to the stim- 
ulus of the light period in much the same 
manner as if it were a separate plant. 
LIGHT AS AN ECOLOGICAL FACTOR 

The daylight period exerts a very strik- 
ing and determinative influence on many 
phases of growth as well as upon flowering 
and fruiting but before discussing these 
more involved problems especial attention 
should be called to the important action 
of the light period in differentiating 
groups of plants by its limiting effect 
upon their ability to reproduce their 
species. Other environmental factors, 
such as temperature, moisture, and char- 
acter of food supply also exert a selective 
action, but usually each of these factors 
may change throughout a rather wide 
range before the existence of the individual 
plant is jeopardized or its behavior or 
type of growth (as distinguished from 
vigor of growth) is markedly affected. 
The light period, however, exhibits a 
diversity of effect upon different kinds of 
plants of a more far-reaching character. 
Plants which require a long day to flower 
and fruit obviously can not maintain them- 
selves in the tropical zone, where the day 
remains about 12 hours for the entire year, 
even though high altitude may hold the 
temperature well below the danger limit 
for the species. The more extreme type 
of short-day plants are, of course, equally 
out of the question for the tropics. 
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The everblooming groups can follow 
the weather and the soil and can maintain 
a foothold wherever these conditions are 
satisfactory or competition with other 
plants permit. In so far as records are 
available, it appears that everblooming 
plants are prevalent in the tropics, though, 
in accordance with Garner's theory, a 
species or variety might be everblooming 
there and be either everblooming or a 
spring or a fall flower in the temperate 
zone. Cold weather may delay growth 
and consequently delay flowering, and hot 
weather may hasten it, but if the light 
period is suitable for a particular plant it 
will flower as promptly as the climatic 
conditions permit, while if the light 
period is not suitable, weather changes 
cannot cause flowering. The apparently 
erratic behavior of certain plants brought 
to new areas of approximately similar 
climate is probably to be explained largely 
if not entirely as a length of day response, 
for even a difference of minutes may cause 
a change of growth. 


VEGETATIVE RESPONSE TO LIGHT PERIODS 


To recur to the recent experimental 
work on the responses of different plants 
to the length of the daylight period, the 
changes in the character of vegetative 
growth are as clear and as striking as is 
the change from the vegetative to the 
flowering behavior previously discussed. 
A common spring radish, the Globe 
variety, if exposed to a 7-hour day will 
continually enlarge its bulbous root at 
least for a year and probably indefinitely 
(plate 5, A). Similarly, the Irish potato, 
Jerusalem artichoke, and the yam develop 
tubers only under comparatively short 
days. Carrots, on the other hand, do not 
produce a bulbous root under a very short 
day but under a 14-hour day produce the 
typical carrot root, well stored with 
reserve food materials. The silverskin 


THE QUARTERLY REVIEW OF BIOLOGY 


onion produces a typical spring onion 
when grown under a 1o-hour day, a 
slightly bulbous spring onion under a 
13-hour day, and a typical summer onion 
bulb when grown under a 15-hour day 
(plate 5, B). In general, it appears that 
plants differ in the light period best 
suited to the production of reserve food 
supplies whether these reserves are de- 
veloped as corns, bulbs, or tubers, or as 
resting buds. In no case in these experi- 
ments has the light period best adapted 
to formation of bulbs or other reserves 
of food material coincided with the day- 
light period best adapted for upward or 
top growth of the particular plant under 
consideration. In this particular the de- 
positing of reserve food apparently differs 
from the flower response for it is not 
impossible for the daylight period suita- 
ble for flowering and for upward or top 
growth of a plant to coincide or at least to 
materially overlap. Comparison of Bald- 
win apple seedlings with seedlings of the 
box-elder emphasizes a wide difference of 
the optimum light exposure for upward 
growth. These apple seedlings grow 
most vigorously when exposed to approx- 
imately 10 hours of light daily and their 
growth is seriously depressed with ex- 
tension of the light period to 14 or 15 
hours (plate 6, A). It is not noticeably 
affected by a light period even much 
shorter than 1o hours. The box-elder, 
however, is scarcely able to grow at all 
with a day as short as 10 hours and makes 
its most vigorous growth when exposed 
to a 14- or 15-hour day (plate 6, B). 

With these seedling trees, as well as 
with several other plants, it seems possible 
not only to depress vegetative growth but 
actually to carry this depression to the 
point of killing the plant merely by ad- 
justing the light period to one extremely 
unfavorable for vegetative growth. As 
might be expected, there are numerous 
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species of plants for which no light period 
has yet been found that will completely 
suppress vegetative growth unless asso- 
ciated with fruiting and maturity. The 
classical idea of the normal death of a 
plant, especially as applied to annuals, 
is that death should occur following the 
maturation period which accompanies 
flowering and fruiting. While there is a 
very clear correlation existing between the 
fruiting of annuals and their immediately 
subsequent death, this is clearly not a 
necessary sequel. With many annuals, for 
example, the beggar tick, after flowering 
and fruiting has begun, a change of the 
light period to one more suitable for vege- 
tative growth than for flowering will 
re-establish vigorous vegetative growth 
which within the limits of these experi- 
ments at least may be indefinitely pro- 
longed. The death of annuals following 
their fruiting therefore would appear to 
be largely a reaction to an unfavorable 
length of day for vegetative growth exag- 
gerated by the weakening of the plant 
through the strain of formation of flowers 
and development of seed. In both the 
box-elder and the Baldwin apple seedlings 
and in the case of the sumac, tulip-poplar, 
etc. leaf-fall can be brought about by 
shortening the day regardless of the favor- 
ableness of temperature and moisture con- 
ditions, while leaf-fall can be completely 
prevented throughout the winter if the 
short days of winter are supplemented by 
the use of electric light (plate 7, A and B). 
The distinction between evergreens and 
deciduous perennials may be therefore an 
expression of the reaction of these plants 
to the length of day prevailing in the 
latitudes in which they naturally occur. 


PHYSIOLOGICAL SIGNIFICANCE OF LIGHT AND 
OTHER FACTORS 


It is not the intention of the authors of 


these experiments to indicate that light 
is in itself the sole cause of the remarkably 


diverse growth effects that result from 
changes in the light period. The length 
of day reaction is rather to be regarded 
as one of the most important factors in 
controlling the normal physiology of 
growing plants by modifying the function 
or the activities of the plant cells. Some 
of the experiments briefly referred to have 
demonstrated the comparatively slight but 
consistent changes in acidity of the cell 
sap in different portions of the plant as a 
result of the changes of length of day and 
these changes in acidity are directly cor- 
related with the changes in the growth 
habits. In the case of short-day plants, 
for example, abrupt transfer from a long 
day to a short day causes a sudden and 
sharp decrease in acidity in the region of 
most active growth; this usually occurring 
about 3 to 5 days after the change in light 
period has been made. This drop in 
acidity, which is believed to indicate 
definite transition from the vegetative to 
the flowering condition, is only tem- 
porary and is followed by an equally rapid 
rise to almost the original level of acidity. 
The acidity relations resulting from ex- 
posure to the long days of summer also 
occur when the short daylight period of 
winter is prolonged by use of electric 
light of low intensity. 

To what extent similar changes can be 
influenced in the normal physiology of 
gtowing plants through changes in tem- 
perature and food supply must be left for 
future experiments. Apparently, how- 
ever, as indicated earlier in this discussion, 
these factors even though they may be 
able to operate in some degree are for many 
plants less important and the reactions to 
them are less sharply definite than is the 
case with the effect of the duration of the 
daily period of light. 


PHOTOPERIODISM AND PLANT BREEDING 


To attempt to point out the practical 
significance of a new factor hitherto un- 
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recognized in biology is as useless as 
would have been the attempt to predict 
the wireless telegraph and telephone at 
the time of the discovery of Hertzian 
waves. With the proper understanding of 
this new principle of plant growth, how- 
ever, it would seem that not only should 
the work of plant breeders be greatly 
simplified and clarified but the introduc- 
tion of crops into new areas might be 
somewhat less a matter of chance than it 
is at present. Seed production, especially 
of highly specialized varieties of plants, 
should be greatly facilitated. A variety 
of tobacco, the Maryland Mammoth, is 
now established agriculturally solely 
through the utilization of the length of 
day response. In southern Maryland this 


type of tobacco grows to an unusually 
large size, frequently producing more than 
100 leaves to a single plant. Because of 
these characteristics this variety is greatly 
desired for southern Maryland conditions 
(plate 8, A). However, in Maryland, it 
usually does not flower at all, or flowering 
occurs so late that seed will seldom 
mature. As this variety of tobacco was 
found to be a short-day plant, (plate 8, 
B) the problem of securing seed is satis- 
factorily met by growing the seed crop 
in Southern Florida during the winter, 
for under that daylight period the Mam- 
moth variety does not continue its vigor- 
ous giant growth but flowers and fruits 
in practically the same manner as other 
ordinary varieties of tobacco. 
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REVIEW OF DISCOVERY OF PHOTOPERIODISM 


A. Violet. Plant at left in flower shows the characteristic behavior under the relatively short days of 
spring and fall. The plants in the center and at the right were exposed to electric light from sunset till mid- 
night as a supplement to winter daylight. Beginning January 30, however, the daily light period of the center 
plant was reduced to 7} hours. In a few days there was partial loss of turgidity in the leaf stems, resulting 
in the prostrate condition to be noted in the photograph. Subsequently the characteristic blue blossoms of 
spring appeared in this plant. This prostrate type of development is a characteristic feature in the development 
of many plants under short-day conditions. Photographed April 17. 

B. Biloxi soybeans. Plants at left exposed to a 12 hour light day. Plants at right exposed to 10 hours of 
light in two daily periods separated by 4 hours of darkness, thus giving the effect of a 14-hour light day. If 
the 10 hours of light had been continuous, these plants would have flowered and fruited before those at the 
lef:. 
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REVIEW OF DISCOVERY OF PHOTOPERIODISM 


A. Scedlings of Baldwin apple. Plants at right were exposed to 10 hours of light daily during the summer 
months; those on left received the full daylight exposure of summer. It is apparent that growth is more rapid 
and vigorous with only 10 hours of light daily than with the 14 to 15 hours of daylight of summer in the lati- 
‘ade of Washington. This would indicate a tendency toward an increased rate of growth with decrease in 
latitude. 

B. Scedlings of box-elder. The plants at left were exposed to a 10-hour day while the plants at right were 
exposed to the full day length of summer. It is obvious that in contrast with the apple this species grows 


vigorously under long-day conditions. 
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REVIEW OF DISCOVERY OF PHOTOPERIODISM 


A. Sumac. These plants were transplanted in April and remained out of doors till September 8, when they 
were transferred to the greenhouse. They received the full seasonal length of day throughout the test. The 
leaves were shed at about the usual time, and the plants remained dormant till spring. 

B. Sumac, treated in all respects like the plants in A, except that when transferred to the greenhouse in 
September the trees received electric illumination from sunset till midnight. The leaves were retained through 
the winter. 
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A. Crop of Maryland Mammoth tobacco growing in southern Maryland where the plants seldom flower 


or mature seed. 
B. Maryland Mammoth tobacco. The plant at the’left received only the daylight period of the winter day 


in the greenhouse; the plant at the right was grown under the same conditions, except that the light period was 
| ngthened by the use of electric light, and the condition of the summer day in Maryland thus stimulated. 
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RECENT DISCOVERIES IN THE BIOLOGY OF AMEBA 
By A. A. SCHAEFFER 


Zodlogical Laboratory, University of Kansas 


HE ameba, from the moment 
of its discovery to the pres- 
ent, has stirred the imagi- 
nation of biologists. Roesel 

von Rosenhof, that indefatigable amateur 
naturalist, who first saw and described a 
large ameba in 1755 (der kleine Proteus) 
was fascinated by this extraordinary 
creature which was so different from any 
living thing he had seen before, for, he 
says, he ‘‘frequently spent two or three 
hours in observing it." Hé saw and 
described the more conspicuous character- 
istics of the ectoplasm and the endoplasm, 
the crystals, the manner of movement and, 
surprisingly enough, he records and figures 
a case of reproduction by division, and 
relates how he performed microdissection 
on an ameba by means of a sharply pointed 
quill. This must be considered a most 
excellent contribution to the knowledge 
of the ameba by a man whose profession 
was the wholly unrelated one of minia- 
ture painting and whose hobby was not 
protozoa but insects. 

The word “‘ameba”’ is used as a com- 
mon noun in this and my previous papers 
to refer in a general way to any or all 
of the species of the several dozen genera 
comprised under the sub-order Amoebaea. 
A review of recent work on the ameba 
will perhaps be more illuminating if one 
recalls something of the historical back- 
ground for the numerous investigations 
on this organism within the past few 
decades, for the ameba and its immediate 
relatives have figured prominently in the 
development of some of the most impor- 


QUAR. REV. BIOL., VOL. 1, NO. 1 


tant principles underlying the science of 
biology. Let us therefore continue for a 
few moments the historical account of 
how the ameba has come to be one of the 
classic organisms for the investigation of 
the fundamental properties of protoplasm. 

After Roesel, nothing of importance 
was added to the knowledge of the ameba 
until it came under the eye of the great 
French naturalist Dujardin in 1841, who, 
because of his studies of the pseudopods 
of amebas and foraminifera, made the 
profound discovery that the gelatinous 
substance of these organs, the protoplasm, 
is the physical basis of life. For boldness 
of conception, far reaching significance 
and liberating quality, this remarkable 
concept may well be considered without 
a parallel in the history of biology. It 
required the living matter in its pure form, 
so to speak, as it is observed in amebas and 
foraminifera to disclose the great funda- 
mental truth that was destined to destroy 
the mass of mystical and fanciful notions 
which for a long time had kept the study 
of living organisms from becoming scien- 
tific. 


This discovery inevitably began to 
transform biology from a study of or- 
ganisms as a collection merely, of curious 
or interesting objects, to the serious study 
of the properties of living matter. With 
the extension of Dujardin’s conception by 
Max Schultze, another great student of 
the rhizopods, who demonstrated the 
general identity of plant and animal proto- 
plasm, the ameba, as indeed every other 
organism, could be studied not merely to 
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understand that organism, but to explain 
at the same time the manifestations of 
protoplasm in any plant or animal what- 
soever. 

It required, however, the establishment 
of the principle of evolution to justify 
completely the method of reasoning from 
one organism to another with respect to 
the properties of living matter. The pres- 
ent-day biologist would no more think 
of questioning the soundness of this form 
of reasoning than he would question the 
validity of the multiplication table. 
Every organism is a ‘‘flower in the cran- 
nied wall.” 

With the general acceptance of the 
principle of evolution the ameba suddenly 
became the centre of new interest, for, 
because of its extremely simple structure, 
it necessarily found itself at the root of 
the family tree representing the primitive 
ancestor of man and the animals; and it 
naturally became of great importance 
theoretically, therefore, to know more 
about the structure and especially the 
physiology and the behavior of this living 
representative of the most ancient ances- 
tor of man. 

The most distinctive property of the 
ameba is of course its peculiar manner of 
movement due to protoplasmic streaming, 
but this property which was first described 
by Roesel, was later found to be present 
in greater or less degree in the protoplasm 
of a great many other organisms, plants 
as well as animals; and it is now supposed 
by many zoologists to be essential in the 
embryological differentiation of the higher 
animals. The results of investigations on 
ameboid movement therefore have always 
been of very wide interest, and this 
phenomenon is still best studied in the 
ameba. Many physiologists also hold 
that the simplest form of muscular con- 
traction, as well as ciliary and flagellar 
contraction, is some form of ameboid 
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movement and every contribution to the 
knowledge of ameboid movement is be- 
lieved also to contribute to an explana- 
tion of these forms of contraction. And 
finally, the discovery of a number of 
parasitic species of amebas has greatly 
increased the interest in these organisms 
from still another point of view. Because 
of the prominent part the ameba has thus 
played in the development of the basic 
conceptions of zoology, it takes its place 
with the dog and the frog in the great 
“Zoological Trinity,'’ as outstanding in- 
spirers of basic research. 


CYTOPLASMIC DIFFERENTIATION. 


In a discussion of the recent advances 
in the knowledge of the structure of the 
ameba, it may be well to take up first 
those parts of its morphology which were 
discovered first, namely, the ectoplasm 
and the endoplasm. Here, unfortunately, 
confusion has arisen as to the meaning of 
these two words. Thus the word ecto- 
plasm is used to denote, for example; 1, 
the outer clear layer of an ameba as 
distinguished from the granular contents; 
2, the outer stiffer layer; 3, the clear part 
of the outer stiffer layer; 4, clear proto- 
plasm wherever it occurs in the ameba. 
And by implication the endoplasm is, of 
course, in each case the rest of the proto- 
plasm. Now it goes without saying that 
it is clearly in the interest of science to 
use these words with definite meanings, 
and in this case it seems best to follow the 
tule in such matters, namely, adopt the 
original meaning proposed for the words, 
if practicable. Haeckel originally pro 
posed the words and defined ectoplasm as 
the stiffer outer layer while endoplasm 
referred to the internal more fluid layer. 
These are the meanings adopted in this 
paper. In addition, the qualifying terms, 
etc., will be found useful, since there is 
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wide variation in the amount and distribu- 
tion of granules in both the ectoplasm and 
the endoplasm of the various species of 
amebas. 

The conversion of endoplasm into 
ectoplasm at the anterior end of an ameba 
and the reverse process at the posterior 
end, producing thus a kind of circulation 
as the ameba moves along, was first 
clearly enunciated by Biitschli, but the 
occurrence of this process in those amebas 
with a very stiff ectoplasm was questioned 
by Jennings ('o4), who believed the 
ectoplasm to be something like a per- 
manent sac in which the ameba rolled 
along, as it were. The evidence for this 
conclusion consisted largely in the obser- 
vation of the movement of small particles 
on the surface of the ameba during locomo- 
tion. This quality of the ectoplasm has 
been investigated recently by Howland 
('24), who used a microdissector in her 
work. Numerous experiments confirmed 
the generally accepted belief that the 
ectoplasm in Thecamoeba (Amocha) verrucosa 
is very firm, a convincing demonstration 
consisting in rupturing the ectoplasm and 
then pulling it off the endoplasm in toto as 
one might pull an inverted sack off its 
contents. Howland also showed that 
ectoplasmic wounds heal rapidly and that 
large areas of new ectoplasm are made 
during every act of defecation. It had 
been observed before that ectoplasm is 
made and a little iater destroyed, when- 
ever a food cup is made for the purpose of 
eating a particle of food. 

The change from ectoplasm to endo- 
plasm and the reverse has also been sub- 
jected ‘to experimental analysis, and aside 
from the effect of change of temperature 
which has often been noted to change the 
rate of ameboid movement, presumably by 
changing the viscosity of the protoplasm, 
it has been found that by mechanically 
agitating an ameba the ectoplasm in large 


part can be transformed into endoplasm 
even though no locomotion takes place; 
and by injecting a trace of acid (HCI) into 
an ameba some endoplasm is transformed 
into ectoplasm, while the injection of a 
trace of alkali (NaOH) has the reverse 
effect (Chambers, '21). 

It is of great interest of course to know 
what factors are concerned in the conver- 
sion of ectoplasm into endoplasm and the 
reverse, since neither the morphology of 
the ameba nor its characteristic form of 
movement can be understood unless these 
factors are known. And it is also recog- 
nized that an understanding of the relation 
between ectoplasm and endoplasm will 
go far in furnishing an explanation of 
similar changes in the protoplasm of many 
other animals and plants, especially in 
animal eggs at the time of fertilization, 
mitosis, cleavage, etc. The general prob- 
lem has therefore been attacked in a num- 
ber of organisms by experimental methods. 
The earlier tentative hypothesis in ex- 
planation of the difference between ecto- 
plasm and endoplasm was based on a 
difference in viscosity, which was gen- 
erally assumed to be brought about nor- 
mally by some metabolic process, in 
analogy to changes in viscosity occurring 
in inert fluids such as pitch, solutions of 
gelatin and the like. The explanation 
seemed satisfactory enough while this 
subject was still in the observational 
stage; but when the matter began to be 
tested experimentally by means of micro- 
manipulators in the hands of Kite and 
Chambers and in various other ways by 
Hyman, Spek, Heilbrunn and a number of 
other investigators, it was found that 
the results of this work did not seem 
consistent, probably because they did not 
fall in line with the prevalent simple 
assumption based on a difference of 
viscosity. To illustrate: it has been 
observed that amebas move more slowly 
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as the temperature is decreased from the 
optimum towards zero. Many viscous 
fluids, molasses for example, do the same 
at the same temperature. One may as- 
sume, therefore, as has been done, that the 
slowing down in the rate of movement is 
caused merely by a difference in viscosity 
as a direct result of changes in tempera- 
ture. But it requires energy to move 
protoplasm, and this is of course derived 
from some form of metabolism, that is, 
chemical change. Now it is also known 
that such chemical changes as are likely 
to occur in protoplasm, occur less rapidly 
or less extensively in lower than in higher 
temperatures. It is possible therefore 
that at least a part of the effect of the 
slowing down of movement with a de- 
crease of temperature is due to a decreasing 
amount of available energy, and that the 
temperature effect on viscosity is, to a 
considerable extent, an indirect effect. 
There is a considerable body of data bear- 
ing on this general subject consisting 
mostly of isolated observations, but so far 
it has not been possible to interpret them 
satisfactorily from a single point of view. 


PLASMA MEMBRANE 


In a‘dition to the ectoplasm and the 
endoplasm, which can be distinguished 
from each other by their physical con- 
sistency, there is an extremely thin outer 
fluid layer on the amchaz which can be 
demonstrated satisfactorily only by its 
power of carrying small particles adhering 
to it, toward the anterior end of a moving 
pseudopod (Schaeffer, ‘20). Observa- 
tions and measurements on the activities of 
this layer indicate that it is the plasma 
membrane or at least a part of it, and there- 
fore of great physiological interest. It is 
one of the very few cases where a visible 
demonstration of this membrane is possi- 
ble. Since this layer has mistakenly been 
supposed, in some instances, to include 
some or all of the stiffer ectoplasm lying 
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immediately underneath, it may be well to 
state the essential characteristics of this 
layer as determined by observation (fig. 4). 
_ First, it has been found to exist in a 
large number of species of amebas of vari- 
ous sizes and shapes. Second, its exis- 
tence as a structure distinct from the ecto- 
plasm is shown by the fact that particles 
adhering to it on the outside are seen to 
move forward over the stationary crys- 
tals or other granules imbedded in the 
ectoplasm, and especially by the rate of 
movement which in some species (Th- 
camocba sphaeronucleosus) may be as high 
as 3.5 times as fast as the ameba itself 
moves. Third, this layer over the entire 
free surface of the ameba moves toward 
the active anterior end at varying rates 
over different parts of the surface, while 
the ameba is in locomotion. The sub- 
stance of the layer must therefore be 
continually destroyed at the active an- 
terior end of the ameba and be contin- 
ually recreated at the posterior region of 
the ameba. Fourth, the-layer is ex- 
tremely thin, being probably less than 
one micron in thickness. Accurate 
measurements are difficult to make 
directly owing to its extreme thinness 
and to diffraction of the light at the sides 
of the ameba. The substance of the layer 
is presumably protoplasmic, and the cause 
of the movement, if it is a surface tension 


effect, is due rather to an increase of ten- . 


sion at the anterior end than a decrease in 
the posterior region, since in those amebas 
which form ectoplasm to a greater or less 
extent over the anterior half of the body, 
the particles move toward the anterior 
end much less rapidly than in those amebas 
which form ectoplasm only at the anterior 
edge. 
VARIATIONS IN PSEUDOPODS 


One of the most interesting features of 
the structure of amebas is found in the 
varied size and shape of the pseudopods, 
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although we have at present little more 
than descriptive knowledge of these or- 
gans. For convenience of discussion it is 
well to characterize certain more or less 
distinctive features of pseudopods by 
descriptive names. In the first place it is 
desirable to restrict the nate pseedopod to 
extensions of protoplasm on an ameba 
greater than a hemisphere. Lesser exten- 
sions Constantly occur in all amebas and 
it would be an aid to clearness of descrip- 
tion to call these extensions “‘waves,’” as 
some writers, in fact, do. Again, for the 
sake of clearness, it is not advisable to 
use the name pseudopod in referring to the 
whole of a limax ameba; even in amebas 
it is desirable to indicate whether one is 
speaking about the whole of one or only a 
part of the animal. 

For a full discussion of the name of 
the common large ameba (Chaos déffiluens 
Muller—Amoeha proteus Pallas emend. 
Leidy emend. Schaeffer) reference may 
be made to my paper, 1926 Carnegie In- 
stitution of Washington Publications, 
No. 345; and for description of the spe- 
cies reference may be made to my earlier 
paper ('17) and book ('20). The 1926 
paper also contains observations on a 
number of other species and genera 
mentioned in the present paper. One 
cannot observe this ameba in normal 
movement without noticing that at 
practically all times some one pseudo- 
pod is the main pseudopod through 
which the ameba flows-on. A series of 
camera lucida sketches of the ameba at 
intervals of half a minute, for half an 
hour, illustrates very graphically the 
presence of a main pseudopod which may 


‘ preserve its identity for half an hour or 


more while all other pseudopods within a 
minute or two after formation are with- 
drawn. This form of ameboid movement, 
far from being the general method of 
locomotion among amebas, is in reality 


found only in a very few species. A main 
pseudopod is in fact characteristic of only 
four other common species: Metachaos 
discoides, M. annulata, M. gratum, M. 
laureata. 

If one sketches, by way of comparison, 
the form changes of another common large 
species (Polychaos dubia) in a similar way, 
it is seen that the pseudopods, which at 
first sight strongly resemble those of the 
amebas just mentioned, are really formed 
in quite a different way. No main pseud- 
opod is distinguishable. This ameba, 
which usuaily resembles a hand with 
the fingers spread out, flows forward 
through two or more pseudopods at the 
same time, and keeps itself from dividing 
into several parts by forming web-like 
extensions continually between the bases 
of the pseudopods. Although at times 
one or other of the pseudopods flows 
more rapidly than the others and thus 
acquires the character of a main pseu- 
dopod, this distinction is only temporary. 
The vorch of leadership is, as it were, con- 
tinually passing from one to the other 
among the several leading pseudopods. 

Both these types of pseudopods agree, 
however, in one important characteristic, 
namely, they increase in size sufficiently 
to permit the whole ameba to flow 
through them. That is, they are of 
indeterminate size. 

In contrast to these amebas there are a 
large number of species which form pseu- 
dopods that never enlarge beyond a cer- 
tain size, when they are withdrawn. 
Such determinate pseudopods are charac- 
teristic of a common fresh-water ameba 
of rather small size, Mayorella bigemma, 
and several species of marine amebas be- 
longing to the same genus (fig. 1, 4). 
The species bigemma is characterized by a 
triangular or polygonal body while in 
locomotion, with numerous conical pseu- 
dopods scattered over the anterior part of 
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the body. They are especially conspicu- 
ous along the anterior edge. The entire 
anterior edge of these amebas advances 
during locomotion although occasionally 
lobes develop through more rapid flowing 
of some part of the edge, producing in 
extreme cases a Y-shaped body. The 
polygonal shape is, however, quickly re- 


microns and then are withdrawn or they 
may be continuously projected as small 
conical points, while the spaces between 
them advances in the form of a web, for 
considerable distances. These ‘false 
feet’’ might therefore better be looked up- 
on as ‘‘toes’’ which lead the way in loco- 
motion. There is some property in the 


Fic. 1. Sxetcues or Dirrerent Spscres or AMesas TO Seow Various Kinps or Pssupopops aNp Ecroprasmic 

a, Chaos diffluens (Amoeba proteus); b, Polychaos dubia; c, Trichamocba clava; d, Mayorella bigemma; ¢, Pontifex 

maximus; f, Astramocba flagellipodia; g. Thecamoeba verrucosa; b, Hyalodiscus cacruleus; i, Flabellula citata; j, Coch- 

liopodium gulosum. Determinate pseudopods in 4, ¢, 4, j; indeterminate pseudopods in 4, 6. Note hair-like 

uroidal projections in ¢, and spiral pseudopod in f. 


sumed again by the withdrawal of one of 
the limbs of the Y. The ameba thus 
changed its direction of movement by the 
unusual method of forming an indeter- 
minate pseudopod. But while this was 
going on and at all other times of active 
movement, the advancing edge carried a 
dozen or more small conical pseudopods 
which enlarge to a length of 12 or 15 


protoplasm of this ameba which prevents 
the advancing wave of protoplasm be- 
tween the conical pseudopods from catch- 
ing up with the tips of the pseudopods. 
But the most perfect example of deter- 
minate pseudopods is found in a large 
marine ameba which is remarkable from 
several other points of view. In this 
ameba (Pontifex maximus) in which no 
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coérdinated locomotion has been dis- 
covered, small needle-like pseudopods'bris- 
tle out all over the animal, especially 
when disturbed (fig. 1, ¢). They resemble 
somewhat the spines of some cacti. The 
pseudopods are of clear protoplasm, about 
12 microns long by 1 micron thick, and 
arise from a buibous base. There is very 
little variation in size or shape. The first 
stage in the formation of these pseudopods 
is the extension of a thin tongue of clear 
protoplasm, projected into the water from 
a papilla of clear protoplasm. This 
tongue is of slightly irregular shape and 
may wave about slightly in the water. 
Very soon, however, it reaches the size 
indicated beyond which it cannot grow 
and then its protoplasm becomes set and 
the pseudopod becomes rigid. The pro- 
toplasm as it were, has filled the mold; 
there is nothing to do now but to with- 
draw. This process is accomplished by a 
softening of the protoplasm, whereupon 
the pseudopod becomes crooked and 
gnarled as it shrinks and finally disappears 
into the ameba. These determinate pseu- 
dopods, each of which represents about 
1/100,000 or less of the bulk of the entire 
ameba, stand in strong contrast to the 
determinate pseudopods mencioned above 
which take in the whole ameba, and indi- 
cate important structural differences be- 
tween the protoplasms of the two species 
of amebas. 

The distinction between determinate 
and indeterminate pscudopods , reaches 
over also into another activity of the 
ameba, that of eating. It is well known 
how the common large amebas eat by 
flowing around the food object, enclosing 
it in a food cup. One or more pseudopods 
may take part in the formation of a food 
cup depending upon the size and location 
of the food body (Kepner and Taliaferro, 
17). But only indeterminate pseudopods 
can be used in the feeding process. Pseu- 


dopods of limited size cannot adapt them- 
selves to the formation of food cups, and 
amebas which form pseudopods of this 
character envelop their food by projecting 
broad waves of protoplasm over and 
around the food particle, as do also those 
amebas which form no pseudopods what- 
soever (Thecamoeba verrucosa) (fig. 1, g)- 
Since determinate pseudopods have been 
found not to take part in either of the two 
important activities of the ameba, locomo- 
tion and feeding, it is difficult to see 
what function, if any, they perform. 
There is another type of small pseu- 
dopod which, although it is of deter- 
minate character, nevertheless possesses 
several distinctive qualities which sets it 
apart from the determinate pseudopods 
just mentioned. These small pseudopods 
are the small root-like projections of clear 
protoplasm which extend backwards from 
the posterior end of the amebas belonging 
to the genus Trichamocba (fig. 1, ©). 
These projections which may be referred 
to collectively as the uroid, apparently 
play a part in locomotion. It has been 
observed that these projections which 
are extremely difficult to see in many 
cases, are fastened to the substratum while 
the ameba is in locomotion and serve to 
keep the ameba, which is in clavate shape, 
from rolling over. But how these uroidal 
projections release their hold on the sub- 
stratum and fasten down again, as they 
obviously must do during locomotion, has 
not been observed. It has been deter- 
mined, however, that they may be formed 
very quickly and that they are probably 
present in all large clavate »mebas with 
very ‘‘fluid’’ protoplasm. They vary in 
number from several score or more ex- 
tremely thin hairlike projections to half a 
dozen or so larger rootlike and gnarled 
and, it may be, branched extensions, de- 
pending upon the species. These uroidal 
extensions are of course not to be confused 
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with the wrinkled remnants of withdraw- 
ing pseudopods frequently observed at 
the posterior region of many large amebas. 
The character of the uroid is a valuable 
characteristic in the determination of 
species. 

It is usually assumed that pseudopods 
move only when or because endoplasm is 
flowing in or out of them, ard this is 
undoubtedly typical of them. There are 
exceptions, however. An interesting case 
is the tentacle-like motility of the pseu- 
dopods found in the amebas belonging 
to the genus Vexillifera. These amebas 
project numerous pseudopods of the de- 
terminate type, resembling those of May- 
orella, but there are usually some at the 
anterior edge much longer than the rest 
which wave about in the water more or 
less actively for 20 seconds or longer be- 
fore they are retracted. Waving pseu- 
dopods are more frequently formed when 
locomotion has slowed down than when 
the ameba is moving actively. 

Another interesting case of moving 
pseudopods is found in <stramoeba flagelli- 
podia, in which the pseudopods are thrown 
into loose spirals of three or four turns 
and kept in motion (fig..1, f). The tip of 
the pseudopod makes one revolution in 
about three seconds, the movement being 
like that of a flagellum. The body of the 
ameba of course remains stationary during 
these movements, which makes it clear 
that the spiral pseudopod is not like a 
rigid corkscrew being rotated on its long 
axis, but dynamic, the turns continually 
forming at the free end and disappearing 
at the base of the pseudopod. If such a 
process occurred rapidly the pseudopod 
would act like a propeller, pulling the 
ameba through the water. Theoretically, 
this kind of a pseudopod might perhaps be 
considered as a stage between the inde- 
terminate pseudopod and a functional 
flagellum. Static spiral pseudopods are 


occasionally observed in a number of 
species of amebas. 

All the different kinds of pseudopods 
mentioned thus far can be projected freely 
into the water out of contact with a solid 
body. It remains now to mention the 
small pseudopods seen on many species of 
amebas around the periphery of the ad- 
vancing sheetlike waves of protoplasm, 
which apparently are not projected freely 
into the water(fig.1 7). These pseudopods 
are very difficult to see owing to their 
great transparency and minute size, being 
sometimes less than a micron in length. 
In other particulars, however, they resem- 
ble the conical determinate pseudopods 
described above. These pseudopods are 
observed most frequently among those 
amebas that move by means of thin waves 
of protoplasm, such as Cochliopodium, 
Gibbodiscus, Hyalodiscus, and some species 
of Thecamoeba. 


“HAIRY AMEBAS 

Hairy frogs find their counterpart among 
the amebas, for there are three species of 
“hairy’’ amebas (Wailes; Schaeffer, '25). 
Two of these species have minute perpen- 
dicular hair-like entensions on the outer 
surface which in one of these species are 
about one micron long, extremely thin 
and arranged in a hexagonal pattern with 
the “‘hairs’’ placed one-half micron from 
each other. Of their nature nothing is 
known except that they persist after the 
death of the animal. Another species of 
ameba belonging to the genus Pontifex, 
has much longer projections. ‘These are 
ten microns long and one micron thick and 
cover the outer surface so thickly as to 
resemble a coat of fur. This resemblance 
is heightened by the slightly matted 
appearance of the projections. The color 
of these projections is a light grayish 
brown which aids in completely obscuring 
the underlying protoplasm of the ameba 
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over considerable areas. These projec- 
tions also persist after the death of the 


ameba. 
ECTOPLASMIC RIDGES 


The ridges which occur normally in the 
ectoplasm of a number of amebas form an 
important part in any general discussion 
of the ectoplasm, but comparatively little 
attention has been paid to these structures 
in the past few years. Leidy first gave a 
good description of the folds in the com- 
mon large ameba and he also first saw the 
longitudinal walls of ectoplasm within the 
general endoplasmic stream. From that 
time to this, these important structures 
seem not to have been seen by a single 
author of a new theory of ameboid move- 
ment based upon this ameba, for no men- 
tion is made of them! 

Longitudinal ectoplasmic ridges are 
found in a large number of species of 
amebas. In the family Thecamoebidae, 
to which the common Thecamoeba verrucosa 


belongs, longitudinal ridges are a family 
character, and a considerable number of 
species of the Mayorellidae possess ridges 
_ (fig. 1, d, g). Ectoplasmic ridges are not 
formed in the same way in all cases. In 


the Thecamoebidae the longitudinal 
parallel ridges are continually being pro- 
longed at the anterior edge of the ameba 
and continually destroyed at the posterior 
end, while th¢ ridges as such retain their 
identity for many minutes, as long in fact 
as the ameba retains a more or less straight 
path. In the Mayorellidae the ridges 
frequently develop as a buttress extending 
backwards from a conical pseudopod, 
which as has been stated above, frequently 
persists for a con paratively long time. 
The ridges in the common large ameba are 
formed in a different way again. In this 
species the ridges wre formed mostly along 
the whole length at once, by a wave-like 


outpushing perpendicular to the long 
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axis of the ameba. Occasionally such 
ridges are prolonged at the anterior end 


‘for a short time, but only in rare cases is 


a ridge found to be as long as the ameba. 
The part of the ectoplasmic wall bordering 
on the ridge or lying between two ridges 
and not rising up with it becomes event- 
ually one of the ectoplasmic walls within 
the endoplasm described by Leidy. 

The width of these ridges is of consider- 
able interest in a study of the general 
morphology ef amcbas. How small an 
ameba may be expected to show sufficient 
morphological differentiation to enable 
one to recognize it in the living state? 
Smaller, apparently, than any ameba now 
known. The ridges in a new species of 
marine Thecamocba whose description has 
not yet been published, are only from 0.5 
to 1 micron wide while the ameba itself is 
only 10 microns wide and long. Another 
new species closcly related to it is 12 
microns wide and possesses 3 to 5 charac- 
teristic ridges of about the same width. 
There seems to be no reason therefore why 
a ridge of the Thecamocba type should not 
be found on an ameba as small as 2 or 3 
microns, which is the lower size limit for 
known amebas. In other words there 
would seem to be no limit imposed upon 
the existence of recognizable morphologi- 
cal structures in the Thecamoebidae at 
least, upon which specific distinctions may 
be based. 

This great array of organs which the 
ectoplasm can construct: the various 
kinds of pseudopods, uroids, ridzes, ecto- 
plasmic walls and ‘hairs,’ together with 
other structures and modifications not 
here mentioned, in the various species of 
amebas cannot fai! to excite interest in this 
layer of extraordinary potentialities. The 
student of the physical properties of 
protoplasm in so far as form is con- 
cerned, can certainly find a rich supply of 
material in these structures for experimen- 
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tal work. The ectoplasm possesses its 
characteristic qualities, however, only 
because of its position; that is, the endo- 
plasm which may at any moment become 
ectoplasm possesses the same qualities 
as the ectoplasm but in a latent form, as it 
were. But there are distinctive structures 
of various kinds found in the endoplasm 
which indicate the existence of still other 
properties in ameban protoplasm not 
exhibited by the ectoplasm. We may 
consider a few of these. 


ENDOPLASMI. CRYSTALS 


A very common inclusion of the endo- 
plasm are the crystals. They occur in 
various sizes and shapes depending upon 
the species. They are found singly al- 
most always, but in Mayorella bigemma 
they are always twinned. So far as 
known the crystals are enclosed in small 
watery vacuoles, each in its own vacuole. 
Their composition is not definitely known 
although it is believed that one of the 
phosphates of calcium is the chief, possibly 
the only constituent. 

Curiously enough, the crystals. were 
seen and described (Roesel, 1755) and 
measured (Ehrenberg, 1838) before the 
nucleus and the contractile vacuole were 
seen. After Ehrenberg, however, prac- 
tically no notice was taken of the crys- 
tals until Penard ('o2) in his great work 
on the rhizopods described crystals in 
several new species of amebas. But 
Penard was somewhat inclined to doubt 
whether crystals possessed characteristics 
stable enough to base specific descriptions 
thereon. It was found. however, by 
using the isolation pedigree method w,th 
three common species of amebas, that the 
characters of the crystals are characteristic 
of the amebas in which they occur, 
under ordinary conditions (Schaeffer,'17). 
In later studies a number of other species 
of amebas were found also to contain crys- 


tals whose characteristics possess specific 
value. In this work a polariscope is 
very useful because the degree of optical 
activity of the crystals in at least some 
species of amebas varies somewhat if 
abnormal amounts of food are ingested, 
the crystals under these conditions be- 
coming less clear and sometimes irregular. 
Most amebas carrying large crystals 
possess only one kind or size of crystal 
under average conditions; a few possess a 
a second or a third kind in small number; 
while one species, the common Polychaos 
dubia, normally possesses at least four 
varieties, each of which varies within 
rather wide limits, the wide degree of 
variation furnishing here the specific 
crystal characteristic. In this species 
the bipyramidal variety predominates, 
sometimes almost to the exclusion of the 
other varieties, when food is very scarce 
and mostly of vegetable nature. In gen- 
eral, however, the crystals vary less under 
normal or adverse conditions than the 
pseudopods, the contractile vacuole or 
even the general shape of the nucleus. 
Under uniform general conditions the 
crystals remain uniform. 

Very little is known about the origin, 
significance or fate of the crystals. There 
are general reasons for believing that they 
arise as by-products of metabolism and 
that they arc to be regarded as waste 
products. No instances of the excretion 
of crystals are recorded, but on the con- 
trary the number of crystals markedly 
increases in the larger species when divi- 
sion does not take place regularly, so 
that after a week or two the ameba is little 
more than a sac of crystals (Schaeffer, 
‘20). This condition is usually fatal. It 
is probable therefore that crystals are 
never excreted and that their number is 
kept down by division of the ameba, 
reproduction thus being in effect, a form 
of excretion. 
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CONTRACTILE VACUOLES 


One of the most conspicuous inclusions 
in the endoplasm of some of the larger 
fresh water amebas is the contractile 
vacuole, seen first by Ehrenberg in The- 
camocba verrucosa, although nothing of its 
true nature was recognized at the time. 
Subsequent observations gradually led to 
the generalization that fresh water amebas 

contractile vacuoles while salt 
water forms do not, but recent study 
of marine amebas has shown that 
several species of Thecamoeba possessing 
thick ectonlasm contain contractile vac- 
uoles pulsating just like those in the 
fresh water species. And it was also 
found that a number of other marine 
species of amebas when transferred to 
fresh water formed contractile vacuoles 
within themselves which pulsated charac- 
teristically. 

Of the actual structure of the contractile 
vacuole comparatively little is known. 
It has been established that the vacuole 
consists of a drop of fluid which slowly 
gathers in the endoplasm and is then at 
intervals emitted to the exterior through 
a small pore in the ectoplasm. The rate 
of contraction is much more irregular than 
that observed in the ciliates, but no de- 
tailed study seems to have been made of 
this function. It has been shown re- 
cently that the vacuole is enclosed in an 
extemporized membrane which preserves 
its identity when dissected out and placed 
in the culture medium (Howland). 


METAPLASTIC GRAINS 


The so-called ‘“excretion spheres, nu- 
trition spheres’ (Hayes), or ‘‘meta- 
plasmic grains’ are another kind of 
inclusion within the endoplasm of a large 
number of species of amebas. These 
bodies, which range from a fraction of a 
micron to about 10 microns in diameter, 


are usually of a bluish or greenish color 
of varying intensity, depending upon the 
species, and occur in varying number de- 
pending upon the amount of food availa- 
ble. Recently a study has been made by 
means of stains to learn more about the 
composition of these bodies, with the 
result that they seem to be composed 
mostly of starch (Hayes). It may be 
mentioned here that in the common large 
living ameba, these bodies move around 
slightly in the protoplasm, apparently of 
their own accord, resembling an exagger- 
ated but slowed down Brownian movement 
(pedesis), a movement possibly due to 
differences in surface tension arising out of 
the deposition or solution of its substance. 
Similar spheres or grains are found in the 
pelomyxas, sometimes in large number 
(Pelomyxa palustris, P. schiedti), and es- 
pecially in the parasitic amebas where 
very large bodies have been described 
under the name of glycogen. Whatever 
may be the exact nature of these bodies, 
there is general concensus of observation 
that they are reserve food bodies, that they 
increase in number during periods of 
abundance of food and decrease in number 
and size when food is scarce. 

Whether the small grains in the pe- 
ripheral zone of protoplasm of a number of 
species of Cochliopodium have a composition 
similar to the metaplasmic grains men- 
tioned above is doubtful, because the 
size of these grains seems to vary very lit- 
tle. These grains are roughly spherical, 
only a fraction of a micron in diameter 
and are difficult = 7c. They are of 
great interest because they are arranged in 
one layer only in the thin peripheral zone 
of otherwise clear protoplasm, at nearly 
equal distances from e#ch other, in such 
a way as to lie in rows which radiate in 
curved lines with their origin in the central 
mass of protoplasm. The arrangement 
suggests that of the seeds in the Outer 
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zone of a sunflower head. The pe- 
ripheral zone of protoplasm is in constant 
movement while these amebas are in 
locomotion, nevertheless these grains 


maintain their arrangement as described. 


This phenomenon indicates the presence 
of physical forces im the granules or in the 
protoplasm which would hardly be sus- 
pected if the granules were not limited to 
one layer by the thinness of the protoplasm 
of the peripheral zone. 

Numerous other kinds of inclusions oc- 
curring more or less frequently in the 


is visible in the living ameba where the 


nucleus is single or double and notentirely 


obscured. by food bodies. In color it is 
bluish green or greenish blue, of a some- 
what more intense hue than the clear 
protoplasm, if the chromatin is. evenly 
distributed. If the chromatin is unevenly 
distributed or exists in discrete grains, 
the color indicated attaches only to the. 
chromatin. The nuclear membrane is 
always clear. The nucleus exists in three 
typical shapes: ovoidal, spherical and 


discoidal. The best examples of the. 


J 


Fio. 2. Sxercuss Intusrratinc Tas Disrrisution or Caromatin 1n Various Spacres or 
Aut Excupr f Opricat Section 
In single central masses: 4, Flabellula citata; b, Thecamoeba billa; in irregular shaped islands on nuclear mem- 
brane: c, Rugipes bilgi; d, Cochliopodium clarum; ¢, Thecamocha munda; f, Karyamocbina falcgta; g, Endamocba nana; in 
small grains; 5, Chaos diffluens; i, Chaos chaos; j, Councilmania muris; k, Mayorella bigemma. 


endoplasm such as permanent vacuoles, 
chromidia, chromatoidal bodies, zoo- 
chlorella, symbiotic bacteria, mitochon- 
dria, etc., cannot be discussed here with 
profit owing either to their infrequent 
occurrence or lack of definite knowledge 
about them. 


NUCLEUS 


The nucleus is of course the most im- 
portant of the endoplasmic inciusions 
because of the-essential part ic piays in 
metabolism and reproduction. A nucleus 


ovoidal shape are Polychaos dubia, whose 
nucleus is a stout regular ovoid; Thecamoeba 
billa, whose nucleus has the shape of a 
slender ovoid that is almost. kidney 
shaped; and Trichamocha caerulea which 
has about 15 small regular ovoidal 
nuclei. Discoidal nuclei are found in 
Metachaos discoides and in the common 
large ameba. In the older and larger 


individuals of the latter species, the dis-: 


coid nucleus sometimes becomes folded 


into an irregular mass. Most of the 


amebas have a spherical or nearly spherical 
nucleus, especially the smaller species. 
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CHROMATIN 


With respect to the arrangement of the 
chromatin in the living ‘‘resting’’ nucleus, 
four main types occur: 1, in a homogeneous 
mass in the form of a hollow or an appar- 
ently solid sphere or ovoid, with the 
nuclear membrane immediately outside of 
it or at some distance from it—Cochliopo- 
dium, Hyalodiscus, Flabellula, most The- 
camoeba, Endamoeba—the majority of 
amebas belong to this group (fig. 2, 
a, b); 2, in large islands irregularly 
placed, immediately beneath the nuclear 
membrane, with or without a clearly 
distinguishable karyosome in or near the 
centre (fixing and staining often results in 
displacing the karyosome into excentric 
positions )—Cochliopodium clarum, Rugipes 
bilzi, Karyamoebina, Metachaas annulata, 
M. gratum, Endamoeba nana (fig. 2, c, d, f, 
g); 3,.in two regularly formed polar caps— 
Thecamoeba munda (fig. 1, €); 4, in a layer 
of small grains of uniform size at a greater 
or less distance from the nuclear mem- 
brane—Chaos diffluens (Amoeba proteus), 
Chaos chaos, Trichamoeba villosa, Meta- 
chaos disceides, Dinamoeba, Mayorella 
bigemma, Polychaos dubia (fig. 1, h, i, j, k). 
In addition to these masses of chromatin 
there are found, after fixing and staining, 
other masses of stainable matter, usually 
irregularly placed, nearer the centre of the 
nucleus, and in some species ‘‘clouds’’ or 
concentric rings of fine dust-like stainable 
particles occur in the nucleus, whose 
chromatin cOfistitution has not yet been 
fully established. 

The number of nuclei in the trophic or 
vegetative stage of amebas varies. The 
great majority of species have a single 
nucleus; a considerable number have two 
nuclei (Pelomyxa, Striolatus); three species 
have about 15 nuclei (Trichamoeba caerulea, 
P:lomyxa belevskii, Flamella magnifica); 
two species have from 50 to 80, each 


(Pelomyxa tertia, P. vivipara); one species, 
possibly two, have about 125 (Pontifex) 
and three species have from 1000 to 2000 
typically formed nuclei (Chaos chaos, 
Metachaos laureata and Pelomyxa palustris). 
In one species of ameba (Astramoeba stella) 
the nuclear membrane is single, of oblong 
shape, but the chromatin is in two masses, 
indicating probably a long pause in the 
telophase stage before complete division 
of the nucleus and of the cytoplasm, since 
binucleate amebas have never been ob- 
served in this species. The condition de- 
scribed is found in about 75 per cent of the 
amebas of this species. The binucleate 
condition generally may be explained as 
differing from the uninucleate only in the 
long delayed division of the cytoplasm. 


CYTOPLASMIC DIVISION 


This of course raises the question as to 
what factors cause cytoplasmic division 
if it is not the division of the nucleus. 
Although cytoplasmic division may be 
induced by a great majority of the nuclei 
of a multinucleate ameba dividing simul- 
taneously, the considerable variations in 
number of nuclei observed in the multi- 
nucleate amebas indicate that the nuclei 
frequently divide independently of each 
other. It is significant too that a large 
majority of multinucleate amebas fre- 
quently become spread out in a thin sheet 
on the surface of the glass slide and for a 
longer or a shorter time are incapable of 
locomotion. While in this condition 
division frequently occurs in one species 
as the different marginal regions pull away 
from each other, and all but complete 
separation of the cytoplasm occurs in 
several other species. This phenomenon 
is very rare among the uninucleate amebas 
excepting a few of the very small species. 
There seems to be some connection there- 
fore between the multinucleate condition 
and the tendency to spread out on the sur- 
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face, which in some species leads to behavior, which may be regarded as addi- 
division. It may be noted here also that tional evidence that Roesel had before him 
the division which Roesel described and not one of the species designated Amoeba 
illustrated of ‘‘der kleine Proteus’’ is not proteus by Leidy, but the much larger and 


Fic. 3. Nucrear Division 1n Tureg Species or AMEBAS 

a, b,c, d, bh, Chaos diffluens. a, vegetative divisions; chromatin grains dividing to form two layers; karyosome 
and membrane also dividing. 6, complicated vegetative division leading, apparently, to four daughter nuclei. 
¢, vegetative division, two daughter nuclei almost separated. 4, vegetative division; four daughter nuclei 
almost separated. ¢, f, g, mitosis in cysts of Councilmania muris. ¢, nucleus in late prophase. f, upper chromo- 
somes in metaphase, lower in early anaphase. gg, three-nucleate cyst with diffuse karyosome and early stage of 
intradesmose in right-hand nucleus. 4, mitosis in Chaos diffluens in (probably) a procystic stage, nucleus ia 
anaphase. i, Councilmania decumani, four-nucleate cyst with two nuclei in metaphase. , b(x660); ¢, d(x440). 
after Monica Taylor. ¢. f, g. #(x2500) after Kessel. 4, after Doflein. 


of the type observed in the common large _ rarer multinucleate species which was sub- 
uninucleate ameba but is more or less sequently rediscovered by H. V. Wilson in 
characteristic of multinucleate ameban 1900. 
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MITOSIS 

One of the most outstanding discoveries 
on the structure of the nucleus within the 
past decades has undoubtedly been due to 
the brilliant investigations of Kofoid and 
Swezy and their collaborators. They 
have been able by improved technique to 
establish a definite number of chromo- 
somes for a number of parasitic amebas, 
which may very well prove to be the most 
definite characteristic for identifying these 
species. The importance of this discovery 
to parasitology can therefore be readily 
appreciated. But it is also of great scien- 
tific interest in that it furnishes the most 
definite knowledge we have of mito- 
sis in the amebas, a process which was 
first discovered to occur in the amebas by 
Vahlkampf in 1904. Theretofore it was 
believed that amebas divided amitotically. 
One needs only to compare the figures 
of Kofoid and Swezy with those of Vahl- 
kampf, which themselves marked an 
epoch in this field, to see what tremendous 
strides have been made in the knowledge 
of the ameban nucleus in 21 years. We 
now know that Endamocha coli has 6 
chromosomes, E. dysenteriae (histolytica) 
probably 6, Karyamoebina falcata about 20, 
Councilmania muris, 6 Cfig. 3, ¢, D, C. 
decumani, 4 (fig. 3, i), C. lafleuri, 8, 
(Kofoid, Swezy, Kessel). 

This work on the nuclei of these amebas 
has also cleared up to a large extent other 
processes in mitosis, such as the origin of 
the centrosome from the karyosome, the 
central mass of deeply staining material 
in the nucleus; the origin and fate of the 
connecting strand between the centro- 
somes or intradesmose (Kofoid and Swezy, 
Kessel) a structure very similar to the 
centrodesmose in the metazoan cell but 
apparently more persistent (fig. 3, g); and 
the splitting of the chromosomes in meta- 
phase. These phenomena are particularly 
well seen in Councilmania muris of rats and 
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mice, in the nuclei of which there is very 
little peripheral chromatin, almost no 
clouds of stainable material and in which 
the karyosome consists of a small number 
of discrete granules, two of which or the 
division products of one become the 
centrosomes. These conditions permit of 
almost diagrammatic pictures of the 
mitotic events, so sharply and clearly do 
these structures stand out. Incidentally 
it may be noted that the entire mitotic 
machinery is formed within the nuclear 
membrane, which must probably be taken 
to mean that the apparent extra-nuclear 
origin of the spindle of metazoan cells is a 
secondary development of the evolution of 
the mitotic process. 

How different is the picture which the 
common ameba presents! Instead of but 
six clear cut granules enacting the simple 
mitotic drama on a perfectly clear stage, 
we have here several thousand chromatin 
grains, and a large and complicated karyo- 
some going through a process of division 
apparently so complicated that it seems to 
bear only a remote resemblance to the 
traditional idea of mitosis (fig. 3, 4, 5, ¢, 
ad). Each of the several thousand chroma- 
tin grains, arranged in a single layer under- 
neath the nuclear membrane, divides 
during fission into two by a plane parallel 
to the surface of the nucleus, which in 
this species has a discoidal shape (fig. 3, 
a). The two layers of chromatin grains 
which result from this division then 
separate and at the same time the flat 
disk-shaped karyosome divides into two 
plates, apparently by a plane perpendicu- 
lar to the short diameter of the karyosome. 
The outer layer of chromatin grains then 
sloughs off while one of the daughter 
karysomes passes into it, the other karyo- 
some remaining within the inner layer. 
Thus the two nuclei are formed during 
division according to the description by 
Monica Taylor ('24). 


x 
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Although the main facts involved in 
this process of division may be definitely 
stated, the figures show that the process is 
very complicated and there is no con- 
vincing evidence of an actual mitotic proc- 
ess such as Doflein (18) records (fig. 3, 4). 
It must be pointed out however that Dof- 
lein fails to show definitely on what spe- 
cies of ameba he worked, and second, he 
certainly did not work on the vegetative 
division stages for he says most of his 
amebas were multinucleate (2 to 8), rounded 
up and persisted in this shape from one 
to four days (Schaeffer, '17). It is highly 
probable therefore that he worked on the 
shell-less cystlike stage or procysts of the 
common large ameba, which seem to be 
a substitute for the shell-bearing cysts of 
the parasitic species. And Doflein him- 
self doubted whether the mitotic divisions 
he found represented the only way in 
which the nucleus of the ameba divided. 
We therefore still lack sufficient evidence 
to tell just how our common ameba di- 
vides during fission. It would be most 
extraordinary if after all the nucleus 
divided amitotically in this stage by 
means of some process resembling budding 
as has been suggested. Let us hope 
that investigations will speedily be initi- 
ated to settle this fascinating but tanta- 
lizing problem. 


CHROMIDIA 


The nuclear division processes constitute 
only a brief stage in the life cycle of the 
ameba, but we may use these processes as 
an introduction to the consideration of the 
other stages in the life cycle. Confining 
our discussion still to the common large 
ameba, we may proceed at once to the 
heart of the matter by asking: Do chro- 
midia give rise to nuclei or do they not? 
Bott, Popoff, Carter, Ivanic and Monica 
Taylor ('24) speak affirmatively, and 
Kofoid ('23), on theoretical grounds, 


believes the contrary. The origin of 
nuclei from chromodia has recently been 
described as follows (Monica Taylor, '24). 
Some of the several thousand chromatin 
grains arranged in a layer underneath the 
nuclear membrane, as described above, are 
shed into the cytoplasm through rupture 
of the nuclear membrane. Each grain of 
chromatin then divides until a cluster of 
about 8 grains are formed which is then 
considered as a new nucleus. The new 
nucleus appropriates some of the ameba’s 
cytoplasm and soon thereafter forms a cyst 
wall about itself. The ameba becomes 
filled with hundreds of cysts of this kind 
(apparently not all of the chromatin 
grains develop into nuclei) and soon dies 
and disintegrates, freeing the cysts. The 
cysts hatch out as amebas and in order to 
grow to full size require the extraordinary 
long time of three or four months. Num- 
erous illustrations are given by Taylor. 
Similar but very indefinite figures are also 
given by Hausman in a paper on the same 
subject. This is the affirmative side of the 
question. 

The alternative explanation of the ob- 
jective events just related is that the small 
organisms are parasites, as has been pointed 
out by several investigators. Neither 
the chromidial nor the parasite hypothesis 
has however been actually proved. Since 
the burden of proof in science rests upon 
him who makes an assertion, no final 
statement is admissible on this subject un- 
less accompanied by clear proof. The 
solution of this problem for those who 
hold the chromidial hypothesis, requires 
at least the unmistakable identification, 
as determined by observation, not by 
deduction, of the chromatin grains with 
the beginning stage of the small organ- 
isms; and second, an isolation pedigree 
culture of one of these organisms until 
absolute identity with the parent or- 
ganism as to details of structure is & 
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tablished. It would be more practical 
perhaps to settle the second point first. 
Those who hold to the parasite hypothesis 
must be able to furnish proof by reinfect- 
ing other amebas with the supposed 
parasite. The figures thus far published 
on these putative young amebas do not 
convincingly resemble the adult ‘‘mother’’ 
ameba from which they came. It is only 
fair to say that Monica Taylor is one of 
those who recognizes this and is at work 
in an earnest endeavor to solve this vexa- 
tious question. 

If we adopt then the critical scientific 
attitude we find no proof that the life 
cycle of the common large ameba in- 
cludes more than the irreducible minimum, 
namely, reproduction by fission. That is 
all. Fission may be mitotic or amitotic; 
we do not know definitely. because the 
various authors did not use pure cultures 
and most of them did not make it clear 
which one of three to five possible species 
were employed. The same statement 


applies to the accounts of sporulation and 
encystment. 


FLAGELLATE STAGES 


Other species of amebas however have 
more complicated life cycles, as is well 
known. Thus in the parasitic species 
reproduction occurs in the encysted stage 
resulting frequently in 16 small amebas and 
in other species living in the soil or in 
cultures of feces outside of the body, a 
flagellate stage may often be observed. 
The most interesting case of the latter 
kind has to do with Tetramitus, a flagellate 
from the feces of the rat, which was 
described by Perty in 1852. This flagel- 
late of rather complicated structure was 
found recently to have an ameboid stage 
in its life cycle. An ameba of typical 
form hatches out of a cyst. It feeds and 
divides to form other amebas for a number 
of generations. Some of these encyst. 
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Others become transformed directly into 
the traditional flagellate Tetramitus. In 
this stage growth occurs followed by 
repeated divisions. Sooner or later the 
flagellates transform directly into amebas 
which after a time encyst, completing 
what is known of the cycle. This ex- 
tremely interesting change from an ameba 
into a flagellate of rather complicated 
structure and back again is one of many 
indications that the amebas and the flagel- 
lates are very closely related. 


GENETICS 


In the field of genetics regrettably little 
has been done with amebas. Isolation 
pedigree cultures have been employed to 
test the specific characters of several 
amebas and, by means of simple statistical 
methods, the existence of five races has 
been indicated in Endamecha histolytica 
(dysenteriae) and four in E. coli (Dobell 
and Jepps). By means of isolation pedi- 
gree cultures it has also been found that 
there are rhythms in the rate of fission in 
Mayorella (Amocha) bigemma comparable 
to those found in the infusoria, but 
whether they are of the same nature fun- 
damentally has not been determined. 
The rate of fission in five species pedi- 
greed singly is extremely irregular varying 
from two to three divisions in 24 hours to 
one division in 8 to 12 days, at room 
temperature. The cause of this irregu- 
larity is not known (Schaeffer, Botsford). 


REGENERATION 


The question of regeneration in ameba 
has received a great deal of attention in 
the past. After it was established how- 
ever that the enucleated part of a bisected 
ameba died after 10 or more days while the 
nucleated part lived, little was done in this 
field until very recently. A quarter to a 
third was cut off an ameba almost daily 
to see what the effect would be on sub- 
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sequent reproduction. After a series of 
such excisions were made, extending over a 
month, during which time the ameba did 
not divide, further excisions were discon- 
tinued whereupon the ameba grew in size 
and divided normally. Since it had been 
shown before that the common large 
ameba usually dies if it does not divide in 
9 days, it seems that excisions are in some 
way a substitute for divisions (Hartman, 
Phelps). The interesting observation was 
also made that of two daughter amebas 
from the same mother, the one bisected 
as above indicated and the other allowed 
to divide normally, the normal one pro- 
duced five times as much protoplasm as the 
bisected one. It was found too, that the 
“‘minimal reorganization mass,"’ the 
smallest piece capable of regeneration, was 
at least as small as 1/800f the ameba, being 
therefore the smallest regenerating mass 
yet recorded among the protozoa (Phelps). 


AMOEBOID MOVEMENT 


In the foregoing paragraphs are de- 
scribed some of the more recent published 
researches bearing more or less directly 
upon the morphology of the amebas, but 
including also a number of physiological 
discoveries arising out of these researches. 
It now remains to consider the results of 
some investigations on amebas, whose 
primary object was physiological. For 
the purpose of general discussion these 
researches may be divided into two groups: 
1, those dealing with ameboid movement 
and 2, those dealing more particularly 
with the reactions of amebas toward 
various stimuli. 

Speaking first of ameboid movement, 
it may be pointed out that the universal 
interest which this phenomenon excites 
among biologists is attested by the large 
number of theories of ameboid movement 
which have been published. But al- 
though these theories reflected interest in 
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the subject, it seems that they did not 
add to an understanding of it. Just as 
the 260 or more theories of sex quietly 
passed into oblivion when the work of 
Mendel became known, so the theories of 
ameboid movement are being forgotten as 
the results of observation and experiment 
on the movement of amebas are accumu- 
lating. We do not therefore think it 
profitable to discuss any of these theories 
here, but shall instead devote the availa- 
ble space to objective data which have 
been rapidly accumulating in the past few 
years. 

The activities of the surface layer of the 
ameba, that is, the plasma membrane 
have already been described. Judging 
from the observations on its behavior, this 
layer is the surface tension layer and the 
question arises here whether it is a neces- 
sary factor in ameboid movement. Since 
it does not move in the same way in the 
pseudopods of Difflugia or of foraminifera 
and is of course absent as a moving layer 
in ciliates and those plant cells where 
streaming protoplasm occurs, its move- 
ment as seen in the amebas probably does 
not constitute an essential factor in ame- 
boid movement. But its movements 
nevertheless indicate that the surface 
tension is greater at the anterior ends of 
active pseudopods than over the rest of 
the ameba, and this fact if correctly inter- 
preted, may prove to be a useful guide in 
further experimental analysis. 

The discovery that amebas move in 
wavy or sinusoidal paths when compara- 
tively free from external stimulation in 
clear culture fluid, is of considerable inter- 
est because of the probability that this 
path is a projection of the well known heli- 
cal spiral paths of ciliates and flagellates on 
a plane surface, the ameba being of course, 
restricted in its movements to two dimen- 
sions of space (fig. 4). This probability is 
strengthened by the fact that the flagellate 
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stages of those amebas which go through 
these stages move in helical spirals. 
It has been found also that a great 
many other organisms, such as the 
larvae of many species of aquatic inverte- 
brates and all motile spermatozoz move in 
similar paths. In fact all animals in- 
cluding man and all motile plants move 
in spirals of some form when the orienting 
senses are not functioning (Schaeffer, '20). 
Very little of the nature of this fundamen- 
tal mechanism affecting movement has 
been learned excepting that in the ciliates, 
where an extensive investigation covering 
165 species showed, (1) high correlation 
between the direction of the spiral, 
whether right handed or left handed, and 
generic characteristics, that is, the species 
of most of the genera containing two or 
more species swim, all either right handed 
or left handed; (2) the investigation 
showed no correlation whatever between 
any visible morphological structures and 
direction of turning (Bullington). Be- 
cause of its universal occurrence and the 
absence of correlation to visible structure, 
this spiralizing tendency is difficult to 
investigate experimentally by analytical 
methods. It appears to be controlled by 
the spatial aspect of some feature of the 
locomotive machinery, but with such an 
enormous variety of locomotive apparatus 
as is comprised under all the motile ani- 
mals and plants, it is quite evident that 
one must go behind visible morphology to 
stereochemical aspects of the protoplasm, 
for a cause, at least of the difference 
between left hand and right hand turning. 

Ameboid= movement as_ generally 
thought of is restricted to those form 
changes of protoplasm which are due to 
the streaming of the protoplasm, and as 
thus conceived the heart of the problem 
is to discover what causes protoplasmic 


. Streaming. All other phenomena asso- 


ciated more or less frequently with stream- 
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ing, such as the formation of ectoplasm 
and the conversion of it into endoplasm, 
are accessory and nonessential, for in 
some organisms where streaming occurs 
there is no regular formation of ectoplasm, 
e.g., plant cells and foraminifera. For 
practical purposes, however one must 
confine one’s experimental work to one or 
at most a few forms, and for this reason 
it becomes necessary and often very desira- 
ble to study the accessory phenomena, be- 
cause these phenomena often are a meas- 
ure of the streaming activity and serve 


Fic. 4. Above, Thecemeebe sphacronucleosus 

Showing movement of the plasma membrane as 
indicated by a small particle attached to it. Twelve 
successive outlines of anterior end of ameba are 
shown, corresponding with 12 successive positions of 
the particle. The plasma membrane moved over 3.5 
times as fast as the ameba. Below, waves in a 30- 
minute section of path of Metachaos discoides. 


therefore as a guide in its experimental 
analysis. But it is nevertheless true that 
the great interest displayed in ameboid 
movement is due to its very widespread 
occurrence in animals and plants, and 
that the only constituent . phenomenon 
that one can see which is common to all 
cases of ameboid movement wherever it is 
found, is streaming. 

A number of researches have been re- 
corded in the past few years which, it 
may be’ presumed, were directed upon this 
central problem of ameboid movement. 
Of these, the investigations of Pantin seem 
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to have been particularly well planned for 
they have yielded clear cut and important 
information on this subject. The work 
was done on marine amebas which, be- 
cause of the medium in which they live, 
offer certain decided advantages over 
fresh-water species for certain pruposes. 
One of the very interesting conclusions 
from this work is that there is a rise in 
hydrogen ion concentration in an active 
pseudopod. This was determined by using 
neutral red as an intra vitam stain. 
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Solid line, ‘‘Type (Trichamocha gumia?) ameba, 
after Pantin; dotted line, “type B’’ ameba, after 
Pantin; broken line, Cochliopodium sp. (velocity 
multiplied by 1.6. Schaeffer, '24). Note the very 
suggestive general identity of the high optimum 
curve of Cochliopodium with the other two curves. 
It could not be ascertained with certainty, 
however, whether only the smal! granules 
or the fluid cytoplasm, or both, became 
more strongly acid. By immersing the 
amebas in various acid solutions it was 
found that hydrochloric, acetic, butyric, 
lactic, sulphuric and oxalic acids inhibited 
ameboid movement, each at about the 
same rate as shown by the plotted curves. 
But citric and tartaric were much less 
effective in inhibiting movement. In 
these solutions the paralysis point ranged 
from pH 5 to pH 6, while in the first 


series of acids the paralysis point was 
about pH 7. The inhibiting effect seems 
to be due to the pH concentration, but the 
protective effect of the citrate and the 
tartrate remains unexplained. 

The effect of temperature on velocity of 
movement on the same two species of 
ameba showed the optimum temperature for 
one species to be from 22°C. to 25°C., and 
for the other species 20°C. (Pantin) (fig. 5). 
These optima, it may be remarked, were 
probably fixed by the temperature of the 
medium in which they grew, for the 
optimum temperature as measured by the 
rate of movement of an ameba living in 
shallow tidal pools at Tortugas, Florida, 
in which the temperature rises to 40°C, 
daily in the sun, is 35°C. or slightly above. 
The optimum for this ameba is in fact 50 
above the death point of the amebas 
Pantin employed (Schaeffer) (fig. 5). 
When the rate of movement in various 
temperatures is plotted against the tem- 
perature, the resulting curve to the opti- 
mum is almost a linear function of the 
centigrade temperature and is closely 
similar to the temperature-velocity curves 
of many other biological processes, par- 
ticularly protoplasmic streaming in plant 
cells and the leucocytes of human blood 
(Pantin, Schaeffer, Kanitz, McCutcheon). 

After the optimum temperature is 
reached in these amebas, the curve drops 
rapidly to the base line, an effect which 
may be due to the destruction of some 
substance concerned in locomotion. In 
fact this apparently destructive effect is 
already present to a slight degree before 
the optimum is reached, because if the 
velocity of an ameba is measured at 10°C., 
for example, and then at 20°C., and then 
again at 10°C., the velocity is less on 
reéntering 10°C. Nevertheless within a 
fraction of an hour the ameba regenerates 
the substance destroyed and recovers its 


original velocity. 
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On the other hand observation indicates 
that several, perhaps all species of amebas 
can be acclimated to higher optimum 
temperatures, which would mean that 
substances are gradually built up in much 
the same way that the substance men- 
tioned above was regenerated, but at the 
same time containing within them the 
possibility of a destructive effect due to 
the temperatures near the optimum. 
Herein are opportunities for whole series 
of important quantitative experiments on 
the nature of ameboid movement which 
would also undoubtedly shed light on 
other biological processes. 

The treatment of amebas with solutions 
of various chemicals in order to learn 
something of the nature of ameboid move- 
ment, has been carried on by a number of 
observers in the past few decades. Similar 
experiments have also been made upon 
leucocytes of man and other animals for 
the same purpose. Studies of this sort 
upon the common large ameba have shown 
that all chemical solutions thus far ac- 
curately tested have had the effect of 
slowing down the rate of movement, if 
indeed any effect was detectible at all. 
This is an extraordinary result, but it is 
of course only a ‘progress report,’’ and 
the final statement on the subject may be 
different. In recent work (Edwards, For- 
gtave) with the solutions of the chlorides 
of sodium, lithium, potassium, etc., it 
was found that the rate of locomotion of. 
ameba when immersed in them is slowed 
down in a degree depending upon the 
cation, the concentration of the solution 
and the time of immersion. The rate of 
Movement was greatest in solutions of 
sodium chloride. Acid solutions cause 
the surface to become sticky in dilutions 
up to N/20,000. Bases (sodium and 
potassium hydroxide) on the other hand 
seem to liquefy the surface protoplasm 
and make it susceptible to rupture. 


One of the interesting results of this 
work with chemicals is the action of 
weak (N/300) solutions of the chlorides 
of sodium, calcium, lithium, potassium, 
in causing the formation of food cups in 
ameba. This is the only case known in 
ameba where a completely generalized 
stimulus sets into operation what seems 
to be a comparatively highly specialized 
“racial habit,’’ which ordinarily is initi- 
ated only by localized stimuli (Edwards). 

It is interesting to note here that various 
species of marine amebas representing 3 
different familes move much more rapidly 
in dilute sea water than in normal sea 
water, and a similar effect was noted in a 
few marine ciliates. These amebas live 
only in the sea, so far as known, and one of 
them is unable to live in fresh water for 
even a few minutes. These amebas have 
presumably lived for a long time in the sea 
and yet they have been unable to overcome 
the inhibiting effect of the salts in the 
sea water. This indicates the presence of 
an unalterable relationship between these 
salts and an essential feaction involved in 
ameboid movement and probably also in 
ciliary contraction (Schaeffer, '24). 


BEHAVIOR 


In proportion to the total amount of 
research on amebas, comparatively little 
has been done in the field of behavior 
within the past few years. One series of 
experiments directed upon the ability 
of the ameba (species not mentioned) to 
modify its responses has shown that this 
is possible although the conclusion is 
somewhat indefinite and the response is of 
a negative nature, not a positive one. 
Most of the amebas used in the experiment 
were negative to large areas of very in- 
tense light. It was found that there is a 
decrease in the number of attempts to 
continue in the original direction (into the 
light) as the number of trials increases. 
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The ameba ‘“‘learns’’ to avoid the light 
(Mast and Pusch). 

Another series of experiments on the 
effect of light on ameba with reference 
especially to the latent period, reaction 
time, etc., has shown that in general the 
ameba reacts substantially like other 
organisms. The ameba responds to a 
sudden increase of illumination after a 
few seconds by a cessation of movement, 
and this intervening period of time is 
here known as the reaction time. It is 
found that the reaction time varies in- 
versely with the intensity of the light. 
Only a momentary flash of light is 
needed to inhibit streaming some seconds 
later. The length of time the light shines 
is therefore the stimulation period, and 
the time between the end of the flash 
and the inhibition of movement is the 
latent period. The latent period, like 
the reaction time, varies with the in- 
tensity of the light, being short in strong 
light and lengthening with decreased 
intensity of light. It was found also that 
from one to two minutes must elapse 
after sudden illumination before a second 
response could be obtained. Mechanical 
shocks produce effects substantially like 
the stimuli from light, from which the 
conclusion is drawn that the effect of 
light is not necessarily due to the presence 
of a photo-chemical substance. Perhaps 
the most unlooked-for result of this work 
is the absence of any temperature effect 
on the reaction time. It is however not 
impossible that the temperature effect 
may be small and may have remained hid- 
den under the individual variations, which 
were not inconsiderable (Folger). 

In the first of several proposed papers 
Schwitalla has recorded a large number of 
detailed observations on the effect of 
temperature on the movement of Meta- 
chaos discoides and on the common large 


ameba as measured by the movement of dead. 


the posterior end. He records the occur- 
rence of irregular rhythms in the velocity, 
the cause of which however was not de- 
tected. The rhythms of fast and slow 
movement changed somewhat as the 
temperature changed, that is, as the 
temperature increased from 15°C. to 25°C. 
the fast rhythms became fewer or shorter 
or both, as compared with the slow 
rhythms. 

Beers records a very interesting case of \ 
the common large ameba feeding on the | 
large ciliate Frontonia leucas, by pinching | 
it into two, as occasionally happens also | 
with paramecium and blue stentors. 
Why the ameba should not ingest the 
whole frontonia or paramecium is hard to 
see, for much larger food objects are 
frequently eaten. This raises the ques- 
tion whether the ameba actually pinches 
the ciliate into two as has so often been 
assumed. It is more probable that the 
ciliates constrict themselves when the 
food cup of the ameba presses lightly 
against their cilia, as they are often seen 
to do when threading their way through 
debris. The body of the ciliate at the 
point of constriction under these condi- 
tions is always smaller than the hole or 
slit in the debris, so that the animal can 
readily rotate on its long axis. A time 
element is of course involved, and the 
ameba closes in upon the prey slowly 
enough for such a constricting process by 
the ciliate to occur. It cannot be ac 
cepted without actual proof, therefore, 
that the ameba actually expends the 
necessary energy required to cut the ciliate 
into two instantly. These observations 
have often been assumed to be particularly 
fatal to the simple surface tension theory 
of ameboid movement, but the critical 
attitude suggested above need occasion no 
fears as to its possible resurrection, for 
this theory was already sufficiently 
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The aim of this department is to give the reader brief indications of the character, the content, 
and the value of new books in the various fields of biology. In addition there will usually ap- 
pear in each number one longer critical review of a book of particular significance. Authors and 


publishers of biological books should bear in mind that Tue 
can notice in this department only such books as come to the o 


ARTERLY Review or BioLtoGcy 
¢ of the editor. The absence of 


a book, therefore, from the following and subsequent lists only means that we have not received it. 
All material for notice in this department should be addressed to Dr. Raymond Pearl, Editor o 


Tue QuarRTeRty Review oF 
U.S.A. 


CUENOT ON ADAPTATION 
By John H Gerould, Dartmouth College 


The French have been characteristically 
strong and even brilliant as encyclopedists. 
The assembling, summarizing and inter- 
preting to the general reader of results of 
research by specialists in every field of 
science, though no longer within the 
power of a single writer, is now accom- 
plished with considerable success by such 
an organization as that constructed by 
Dr. Toulouse, Director of the Ecole des 
Hautes Etudes, who for his Encyclopédie 
Scientifique divides science and its applica- 
tions to medicine, education, industry, 
engineering, etc., into about thirty-four 
departments, each under the direction of a 
competent leader who selects specialists 
with breadth of view and power of popu- 
lar expression to interpret to the public 
the results of science in their respective 
fields by means of handbooks of convenient 
size (usually about 300 or 400 pages). 

Professor Maurice Caullery has been 
happily chosen as Director of the Depart- 
ment of General Biology and has himself 
contributed to the series a work on “‘Le 
Parasitism et la Symbiose.’ The fifth 
independent volume in the field of general 
biology is ‘‘L’ Adaptation’’ (G. Doin, Paris, 
1925, pp. 420) from the pen of Professor 
L. Cuénot of Nancy, already well known 
to the scientific public by his “La Gendse 
des Especes Animales’ and other important 
works. 


1oLoGy, 1901 East Madison Street, Baltimore, Maryland, 


Cuénot has approached the questions of 
how and why organisms are fitted to their 
environment not only from the standpoint 
and with the training of a critical biolo- 
gist but also with the liberal spirit of a 
broad and open-minded philosopher. 

In defining the subject, distinction is 
made between modifications (‘‘accommo- 
dats’’) or somations, which an individual 
plant or animal acquires in an environment 
new to it, corresponding to the changes of 
acclimatization experienced by a group of 
individuals and their offspring when in- 
troduced into a country new to them, and, 
on the other hand, hereditary, or ‘‘statis- 
tical,’ adaptations. ‘‘Statistical’’ is a 
term applied to adaptations to a given 
condition or medium, which are numeri- 
cally frequent, but not necessarily always 
present, under such conditions. The 
webbed foot characteristic of aquatic 
avimals, fleshy leaves of plants of desert 
or seaboard, dwarf plants of mountain 
tops, are chiefly under hereditary control 
and statistically numerous, though not 
universally found, under these given con- 
ditions; that is, not all aquatic vertebrates 
have webbed feet. 

Among plants, especially, it is difficult 
to distinguish by mere inspection between 
modifications (‘‘accommodats’’), which dis- 
appear when the seed of the somatically 
modified plant is sown under normal en- 
vironment, and hereditary or ‘‘statistical’’ 
variations. Among animals, usually less 
subject to environmental influences, ‘‘sta- 
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tistical’ or hereditary variations are 
not so often combined with non-hereditary 
modifications. 

It is very unfortunate in the opinion of 
the reviewer that this excellent book is 
marred by the constant use of this con- 
fusing and inappropriate term “‘statisti- 
cal,’’ as applied to hereditary variations 
and adaptations. The relative abundance, 
or statistical feature of hereditary adapta- 
tions is a minor matter of doubtful sig- 
nificance. It does not even distinguish 
such adaptations from modifications (‘‘ae- 
commodats’’), for the latter are also faculta- 
tive and not universal under a given set of 
circumstances. The term “ethological”’ 
which Cuénot suggests as synonym of 
“‘statistical’’ is likewise equivocal andcon- 
fusing, for modifications or accommoda- 
tions are also distinctly ethological. It 
is difficult to find a term characterizing 
such adaptations as stable and subject 
chiefly to the control of hereditary factors 
without using the word “hereditary.” 
“Stable’’ may be used, if one has occasion 
to avoid the use of “‘hereditary,’’ but 
not “‘statistical.’’ ‘Hereditary’ is itself 
not free from objections, but it is clear 
and sufficiently distinctive. 

The author properly emphasizes the 
fact, which Weismann and other extreme 
selectionists have passed over lightly, that 
many organs are nearly or quite useless. 
As examples, he calls to mind vestigial 
structures which have ceased to function 
and also organs which are greatly over- 
grown (hypertelic) and an encumbrance, 
such as the splendid plumage of certain 
male pheasants and birds of Paradise 
which is so enormous as to make flight 
impossible, the excessively long horns of 
the eland, the canines of the sabre-toothed 
tiger, the grotesquely large thoracic 
appendages of certain Brazilian leaf hop- 
pers. Moreover certain other organs, 
internal or external, are useful but not 
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necessary, like the spleen, the uropygeal 
gland (lacking in certain birds), the air- 
bladder of fishes the presence or absence 
of which is evidently a matter of small 
importance. Cuénot has proved experi- 
mentally that amputation of the breathing 
tube of the water bug, Nepa, and the 
prominent spur upon the femur of the 
middle pair of legs in the backswimmer, 
Notonecta, the latter supposedly useful for 
cleaning the mouthparts, interferes in no 
perceptible way with either insect’s ac- 
tivities and functions. The fact that use- 
less or nearly useless organs are sometimes 
produced leads to an inquiry as to how 
variations occur, whether at random or in 
definite directions, fortuitously or ortho- 
genetically. 

Cuénot discusses orthogenesis, the type 
of variation familiar to paleontologists as 
the tendency of an organ or combination of 
organs to vary progressively from one 
geological period to the next, as if 
tending toward a definite end, e.g., the 
classic example of the evolution of the 
hoof from a single toe in the succession of 
extinct ancestors of the modern horse. 
Orthogenesis is recognized as a real 
method of evolution, independent of both 
natural selection and environmental ac- 
tion. Just as, in the growth of the 
individual, a mass of unformed tissue 
shapes itself under unknown internal 
control into an organ adapted to perform a 
definite function, so in the history of the 
race an organ which is at first unformed 
and useless may acquire a function or may 
change its function. Orthogenesis sig- 
nifies then a series of evolutionary changes 
seemingly directed toward a definite end. 
In this category the author places the 
acquirement of a fixed, internally regu- 
lated, bodily temperature by the higher 
vertebrates, the evolution of mammary 
glands from simple cutaneous glands, the 
feathers of birds, originating by degrees 
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from reptilian scales, the electric battery 
of Torpedo transformed from masses of 
muscle upon the upper jaw, the wing of 
bat, bird or insect. ‘“‘It all takes place as 


if directed toward an end, as if the be- 
ginning foreshadowed the conclusion."’ 


Of the three theories which have been 
advanced to explain the evolution of adap- 
tations: Lamarckianism, Darwinism (or 
natural selection), and the mutation theory, 
the last naturally receives the most exten- 
sive treatment. 

“Darwinism, comprising Lamarckian- 
ism by inclusion, is therefore a theory of 
general application, and its immense suc- 
cess is easily understood; its logic is 
irresistible: the occurrence of inheritable 
variations cannot be denied; the tendency 
toward an indefinite increase in the num- 
ber of species is certain; and also the des- 
truction of an enormous number of in- 
dividuals; the conclusion which seems 
inevitable is the survival of the better 
adapted, continuous progress, the exten- 
sion and diversification of life.’’ But 
while artificial selection involves intelli- 
gent choice in the destruction of super- 
fluous individuals, natural selection, in 
the author's opinion, is nonselective. It 
involves destruction but not construction. 

The discussion of the mutation theory 
includes a brief critique of recent experi- 
ments bearing on the inheritance of ac- 
quired characters, all of which are in- 
conclusive. The author denies formally 
and completely the inheritance of ac- 
quired characters, because ‘‘it is necessary 
to have a firm opinion."’ 

Mutations arising in a state of nature 
vary in natural vigor. They may be (1) 
lethal and disappear at once or exist only 
in a latent, compensated state, (2) less 
viable than the type and gradually dis- 
appear (e.g. albinos, mammals with 
pendant ears), (3) equally viable, and so 


coexist with the type, thus constituting a 
polymorphic species, or (4) more vigorous 
than the type, like the melanic mutation of 
the peppered moth, tending to supplant. 

The occupation of any newly established 
environment from which former inhabi- 
tants, if any, have disappeared is due, 
Cuénot points out, to the filtering in, 
from neighboring regions, of species 
already preadapted to the new environment. 
Thus by trial and error organisms adapt 
themselves to new regions. To survive, 
they must already be sufficiently adapted 
both as to instincts and to structure. 

The success of a species arising by muta- 
tion in establishing itself depends upon 
“differential fertility,’ the two elements 
of which are the number of eggs laid and 
the death rate. Cuénot gives a formula 
for the annual loss of individuals in a race 
numerically constant, based directly upon 
the number of eggs produced by a single 
female and inversely upon the death rate. 

To a Darwinian selectionist differential 
mortality means the survival of the fit and 
continuous progress by constructive selec- 
tion; to the mutationist differential mor- 
tality means the elimination of the weak 
and abnormal, the maintenance of a 
healthy mediocrity; moreover mortality 
to a large extent is non-selective, the 
strong and the weak, the adapted and the 
non-adapted, being indiscriminately elimi- 
nated. 

The study of orthogenetic series in 
paleontological succession shows that 
mutation may result sometimes in organs 
which are disproportionately large and 
cumbersome or sometimes completely atro- 
phied. Alternation occurs between per- 
iods of mutation and of establishment of 
mutants as species. Certain points in the 
organism are more plastic than others, 
more subject to orthogenetic change. In 
the main, the changes are small and 
gradual; others necessarily involve a 
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profound structural and physiological 
alteration affecting the whole body, as 
when a left-handed type of snail give rise 
to right-handed descendants, no inter- 
mediate condition being possible. Rarely 
does nature make use of large, abrupt 
variations such as those which under arti- 
ficial selection have produced, for exam- 
ple, the bull-dog, the ancon sheep, the 
rumpless fowl. On the contrary variation 
occurs by “‘gradual changes affecting in 
succession different organs, the coérdina- 
tion of which constitutes the adaptation to 
the environment.”’ 

Denying the explanations of adaptive 
evolutionary change advanced by Lamarck 
and Darwin, viz.; the inheritance of 
acquired characters and natural selection, 
the mutation theory has nothing to offer 
as a substitute. Cuénot acknowledges the 
need of discovering some new principle, 
or factor, internal or external, capable of 
controlling variations and directing them 
toward a definite end. This need is 
especially felt in studying such complex 
organs as the eye or the ornamentation of 
organs of such rare and useless beauty as 
the feathers of the peacock or Argus 
pheasant. Simply stated, we need to 
know how growth is controlled and dif- 
ferentiation determined. 

In Part Three Cuénot interestingly de- 
scribes many concrete cases of adaptation, 
the underlying principles of which have 
already been stated. The conclusion is 
reached that non-inherited modifications 
tend to be associated with hereditary var- 
iations of similar nature. Thus one may 
find on a mountain-top plants of a given 
species which owe their adaptation in 
various degrees to hereditary and to en- 
vironmental factors; some are in the con- 
dition of non-hereditary modifications 
and would revert to the lowland type 
when removed to the plains; others are 
hereditarily fixed and would not thus 


respond. 


Finally Cuénot discusses the metaphy- 
sics of the stupendous problem of adapta- 
tion, distinguishing between the me- 
chanical or ‘‘efficient’’ cause, or how 
adaptations have originated, and their 
purpose, or why they have come to exist. 
Teleological concepts can be properly 
applied only to man’s own instruments 
and machines. It is absurd to assign a 
final cause (ultimate purpose) to a phe- 
nomenon like the rainbow or sunlight 
clearly independent of mankind. Not 
less so is the application of such concepts 
to most organic phenomena. 

But organs have useful functions. They 
are, in a sense, purposeful; and this useful- 
ness of organs, individuals, or species, is 
only a fragment of a larger usefulness 
which includes all living things, because, 
though individuals die, life as a whole 
flows on. The ultimate biological adap- 
tation is the conservation of life upon the 
earth. Can we assign to this a purpose? 

The three answers that have been given 
to this question are spiritualism (in a 
broad sense), mechanism and agnosticism. 

“Spiritualism’’ implies that life has 
come from the inorganic by an act of 
divine will. It does not necessarily im- 
ply, the author maintains, the doctrine of 
vitalism, but it usually implies that the 
universe is biocentric, adapted to pro- 
duction and perpetuation of life, and 
anthropocentric or adapted to the needs 
of man. “The details of the world 
are not made for man, but, if one believes 
in a spirit as Creator and Organizer of the 
universe, one may imagine the following 
sequence as willed by him: the Universe, 
Life, Conscience.’’ Yet, quoting with 
approval the idea of Richet: ‘“The expres- 
sion to will is terribly human, but no one 
can refuse to recognize that gradual de- 
velopment of life and intelligence was in- 
cluded in the destiny of the terrestrial 
globe." The author thus seems to sub- 
scribe to the doctrine of predestination. 
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Materialistic mechanism on the other 
hand recognizes no organizing intelli- 
gence; its architecture is the result of a 
fortuitous concourse of atoms. Science 
discovers only a succession of events in the 
relation of cause and effect, involving 
neither volition nor direction; it is occu- 
pied with the ‘“‘how’’ not the ‘“‘why”’ 
of things, because there is no “why.” 
The monist’s universe is without begin- 
ning, purpose, or end, but perpetually in a 
state of evolution. Life is a property of in- 
organic matter, and under proper physical 
conditions has developed spontaneously 
from it either on this or on some other 
planet. There are in the living organism 
only physico-chemical properties, though 
of such complicated nature as to warrant 
the existence of distinct biological sci- 
ences. That some chemist some day may 
synthesize the living from the non-living 
is not beyond the bounds of expectation. 
The apparent purposefulness in organisms, 
which tends to perpetuate the life of the 
individual or of the species, is fortuitous 
unintentional, the result of the elimination, 
of the unfit, the ill-adapted. As Epicurus 
long ago held, the bird flies because it has 
wings, and one may not say that it has 
wings for the purpose of flight; man sees 
because he has eyes, the product of a slow 
evolution of which sight is the result. 
Man naively thinking of the universe in 
terms of human purpose is merely a transi- 
tory excrescence like mould upon the earth's 
crust, or passes like a flash into oblivion. 

Agnosticism takes a middle ground 
between the two doctrines. For the 
agnostic the universe is the manifestation 
of a power which we cannot know and yet 
which we need to know in order to explain 
nature. Unable to escape the teleological 
impression which the universe gives him, 
the agnostic repudiates more or less 
clearly the idea of design. He ‘‘neither 
denies nor affirms the existence of a 


Creator’’ and “‘carefully discards all that 
is metaphysical as unknowable and con- 
sequently uninteresting."” 

Science, occupied as it is solely with 
secondary causes, is unable to harmonize 
the conflicting views of those who think 
in terms of “‘spiritualism’’ or of materia- 
listic mechanism. ‘“Their convictions, 
both equally incapable of demonstration 
upon a scientific basis are a matter of 
personal feeling. For the one,’ the ques- 
tious of beginning, of design, the ‘why,’ 
cannot be suppressed, and demand a reply 
which is found in the idea of God and in 
the immense synthesis of Universe, Life, 
and Man, the grandeur of which must be 
acknowledged; the second is not disturbed 
by metaphysical questionings, and the 
‘how’ satisfies his curiosity." 

Barring the unfortunate use of the con- 
fusing and inappropriate term ‘‘statisti- 
cal’’ to which the reviewer has called 
attention, the book is throughout clear 
and exceedingly interesting. Adaptation 
is truly “‘une effrayante question.’’ Suc- 
cessive generations of scholars viewing it 
each from a different angle have sought 
and found each their own answer. In the 
state of knowledge of the nineteenth 
century the formula of natural selection 
served well, but this stimulating book 
shows the inadequacy of this solution and 
states the problem as geneticists of the 
twentieth century see it. The present 
position may be weak and little more than 
a confession of ignorance. For in spite 
of all our knowledge of the morphology 
of chromatin, the touchstone of hereditary 
characters, we know nothing definite 
about the determination of form in 
growing organisms nor about any guid- 
anc: of variation, but is not a confession 
of ignorance the sign of an inquiring 
spirit, and may it not mark progress to- 
ward a deeper knowledge of evolution 
and of adaptation? 
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THE WAYS OF LIFE. 
By Richard Swann Lull. Harper & Brothers 
$3.00 8} x $$; xiii + 365 New York 
This is an entertaining popular book on 
organic evolution with, quite fitly, a 
good deal of emphasis on the paleonto- 
logical evidence. It can be highly recom- 
mended to the lay reader who wishes to 
inform himself about the concrete evidence 
regarding organic evolution. 


LIVING ORGANISMS. An Account of 
Their Origin and Evolution. 
By Edwin S$. Goodrich. 
Oxford University Press, 
73 x 54; 200 New York 
An introduction to organic evolution by 
the Linacre Professor of Zoology and Com- 
parative Anatomy in the University of 
Oxford. While containing little that is 
original, the book is an excellent brief 
review of the present status of knowledge 
regarding evolution, written with critical 
judgment and in an easy readable style. 
The evidence reviewed is mainly zoo- 
logical. 


THE EVOLUTION OF MAN. Essays. 
By G. Elliott Smith. 
Oxford University Press, 
8s.6d. 9x 5%; vii + 157 New York 
A republication of three essays origi- 
nally prepared for delivery at popular lec- 
tures. The first has the title, ‘“The Evolu- 
tion of Man;"’ the second, ‘‘Primitive 
and the third, ‘““The Human 
Brain.’’ The common purpose of all 
three of these is to throw light on man’s 
pedigree. While all students will not 
agree with the author's interpretations, 
his authoritative position in the field of 
anthropology and the skill and persua- 
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siveness with which he marshals his argu- 
ments, combine to make this a book which 
every serious student of the subject must 
read. The zoologist will be especially 
interested in the material on Tarsius. 


THE ORIGIN AND EVOLUTION OF 
THE HUMAN DENTITION. 
By William K. Gregory. 
The Williams & Wilkins Co. 
$6.50 63x 9%; xviii + 548 Baltimore 
This monograph is the standard refer- 
ence work in the field. It assembles a 
great mass of evidence as to the fact and 
method of one phase of human evolution 
in a clear and convincing manner. A 


bibliography of 11 pages is appended. 


PROMETHEUS OR BIOLOGY AND 
THE ADVANCEMENT OF MAN. 
By H. S. Jennings. E. P. Dutton & Co. 
$1.00 44 x &; vii + 86 New York 
This latest addition to the well-known 
series of stimulating little books with 
Greek titles on general aspects of science. 
In this book the author ascribes greater 
importance to the environment in deter- 
mining the nature of living things than 
most biologists do. 


WHAT EVOLUTION IS. 


By George Howard Parker. 
Harvard University Press, 
$1.50 ix +173 Cambridge 


A book of the times, written to meet 
the demand created by the large and 
gtowing popular interest in evolution. 
The treatment is accurate, clear and con- 
cise. It makes its appeal on the clearness 
and cogency of the reasoning rather than 
upon illustrations. 
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THE EARTH BEFORE HISTORY. 
Man's Origin and the Origin of Life. 
By Edmond Perrier. Alfred A. Knopf 
$5.00 6x 9};xxiv-+345 New York 
This book, which is one of the volumes 
in the great series, ‘““The History of 
Civilization,” is, on the whole, the best 
available account within moderate com- 
pass of the evolution of life on the earth, 
up to man. It is not a popular work in 
the sense of being easy reading, but it more 
than compensates in its thoroughness and 
breadth for any possible lack of popular 
appeal. It will stand as an authoritative 
work of the first rank. 


GENETICS 


GENETICS AND EUGENICS. A Text- 

book for Students of Biology and a Reference 

Book for Animal and Plant Breeders. 

By W. E. Castle Harvard University Press 
ot x 64; viii + 434 Cambridge, 


A new edition of this well-known 
standard text in genetics. The material 
has been brought up-to-date. The view- 
point of the book is, of course, Mendelian 
in an absolutely orthodox sense. The 
treatment of the biometric side of genetics 
is not adequate. 


MANUAL OF DAIRY CATTLE BREED- 
ING. 
By Jobn W. Gowen. 
The Williams © Wilkins Co. 

$3.00 6x 9}; 113 Baltimore 

This is a laboratory manual to accom- 
pany the author's well-known treatise on 
Milk Secretion, published last year. From 
an intellectual viewpoint it represents a 
great advance in the laboratory teaching 
of animal husbandry in our agricultural 
colleges. 
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HEREDITY IN NERVOUS AND MEN- 
TAL DISEASES. Am Investigation by the 
Association for Research in Nervous and Men- 
tal diseases. 
By various authors. Paul B. Hoeber, Inc. 
$3.75 9x 6;xxvii+ 332 New York 
A series of papers by sixteen well-known 
contributors on various aspects of the 
inheritance factor in nervous and mental 
diseases, presented at the meeting of the 
Association for research in these subjects 
held in December, 1923. The volume con- 
tains little that is really new, but furnishes 
a useful summary of the present state of 
opinion in the field covered. 


THE INHERITANCE OF MENTAL 
DISEASES. 
By Abraham Myerson. 
The Williams © Wilkins Co. 

$5.00 6 x 9; 336 Baltimore 

This book, though badly written and 
badly edited in a style which constantly 
irritates the reader, nevertheless contains a 
mass of interesting, original observations 
on the hereditary factor in various abnor- 
mal mental conditions. A large number 
of detailed case histories are given. The 
work is one which cannot be neglected by 
any student of human genetics. 


GENERAL BIOLOGY 


THE SCIENCE OF BIOLOGY. An Intro- 
ductory Study. 
By George G. Scott. 
Thomas Y. Crowell Co. 

$3.50 82x 5%; xii + 617 New York 

This textbook is intended for elemen- 
tary biology classes in colleges. It is 
unusually broad in its scope on both the 
animal and plant sides and appears to have 
been compiled with excellent judgment. 
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TEXT BOOK OF BIOLOGY. For students 
in general, medical and technical courses. 
By William Martin Smallwood. 
Lea and Febiger 

$3.75 xv +393 Philadelphia 

‘A new edition of an old and well 
established text book of general biology, 
which has proven its merit in earlier 
editions. 


REGENERATION. From a physico-chem- 


ical viewpoint. 
By Jacques Loeb. 

McGraw-Hill Book Co. Inc. 
$2.00 ot x 6}; ix + 143 New York 


In this book, which, to the great loss of 
biology and the deep sorrow of his many 
friends, proved to be his last, Doctor 
Loeb brought together and rounded out 
his researches on regeneration in Bryo- 
phyllum. The essential result of the 
study was to show that equal masses of 
isolated sister leaves produced under equal 
conditions of illumination, temperature, 
etc., approximately equal masses of shoots 
and roots in equal time. On the basis of 
this mass relation Loeb attempted, with 
his customary ingenuity, to explain all the 
important phenomena of regeneration. 
Whether this theoretical interpretation is 
finally accepted or not, it will certainly 
prove enormously stimulating to research, 
as has so much of Loeb’s other work. 


ENZYME INTELLIGENCE AND 
WHENCE AND WHITHER. 
By Nels Quevli. The Colwell Press, Inc. 
6 x 83; 578 Minneapolis 
This curious book is written by a regis- 
tered pharmacist, who believes that en- 
zymes are the ultimate indestructible and 
invisible units of life and are conscious 
and intelligent. He furthermore con- 
tends that enzymes produce and maintain 
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all living things we see, and that they 
come from what he calls “‘the invisible 
world of life,’’ to which we return when 
we die. He has read the accessible book 
literature of biology very widely and has 
produced an entertaining volume, but it 
is much to be feared that Augustus 
DeMorgan would have classed him as a 


paradoxer. 


EXPERIMENTELLE MORPHOLOGIS- 
CHE UNTERSUCHUNGEN. _Lipoid.-, 
Glykogen- und Pigmentstoffwechsel (Hand- 
buch der biologischen Arbeitsmethoden.  Lie- 


ferung 171). 
By Ernst Leupold. Urban © Schwarzenberg 
M. 6,30. 7X 10; 150 pp. Berlin 


This number of the great Abderhalden 
hand book deals, in great detail, with the 
histological, physiological and biochemi- 
cal technique essential to investigation in 


certain fields of experimental morphology. 


THE ORGANIZATION OF LIFE. 4 
Revaluation of Evidence Relative to the 
Primary Factors in the Activity and Evolution 
of Living Organisms, Including a Factorial 
Analysis of Human Behavior and Experience. 
By Seba Eldridge, with an introduction by H. 
S. Jennings. ‘Thomas Y. Crowell Co. 
$4.50 9t x 6; xv + 470 New York 

A much too verbose, and consequently 
tiresome, theoretical discussion of all the 
major problems of biology, which seems, 
with singular pertinacity, to reach a 
conclusion on about all important topics, 
such as the inheritance of acquired charac- 
ters, mechanism and vitalism, etc., which 
is diametrically opposed to that of most 
biologists who have thought about the 
matter. The general tone of Professor 
Jenning’s introduction is very faintly 
laudatory. The book demonstrates that 
the author is an enormously industrious 


person. 
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IMMUNITY IN NATURAL INFEC- 
TIOUS DISEASE. 
By F. d’Herelle (Authorized English Edition 
by George H. Smith.) 
The Williams © Wilkins Co. 

$5.00 6 x 9; 399 Baltimore 

In this book the author reviews the 
existing knowledge regarding the phe- 
nomenon of immunity to infectious dis- 
eases, from the point of view of his theory 
of the bacteriophage. The result is to 
make a highly interesting and valuable 
contribution to general biology. The 
subject is developed around the concept of 
the reactions of living things to stimuli. 
The book is divided into four parts, of 
which the first deals with the reactions of 
living matter in general; the second, with 
its reactions against inanimate agents; the 
third, with the reactions against bacteria; 
and the fourth with the ultraviruses and 
immunity against them. Though pri- 
marily written for the bacteriologist and 
medical man, the general biologist will 
find this book extremely interesting and 
stimulating. 


HUMAN BIOLOGY 


RICHTLINIEN FUR KORPERMESSUN- 
GEN. (Und deren statistische Verarbeitung 
mit besonderer Beriicksichtigung von Schiiler- 
messungen.) 
By Rudolf Martin. J. F. Lehmanns Verlag 
2Marks 9} x 6}; 60 Manchen 
A very useful and sound treatise on the 
elementary technique of anthropometry. 
The material was drawn up particularly 
for the guidance of those working with 
school children, but it will be found 
valuable by a beginner in any field of 
anthropometry. The biometric methods 
outlined are only the simplest. 


BIOLOGY AND HUMAN LIFE. 
By Benjamin C. Gruenberg. 

Ginn and Co. 
$1.72 592+ xi Boston 


This high school textbook covers an 
enormous range; in fact, there is no depart- 
ment of biology which is not in some de- 
gree touched upon. Naturally, it no- 
where goes to very great depths. The 
reference lists of reading, which follow 
each of the 51 chapters, are excellent. 


TUBERCLE BACILLUS INFECTION 
AND TUBERCULOSIS IN MAN AND 
ANIMAL. Processes of Infection and Re- 
sistance; a Biological and Experimental Study. 
By Albert Calmette. 
The Williams & Wilkins Co. 
$8.00 64 X 9; 714 Baltimore 
To the general biologist this book is 
probably the best source from which to 
get a general comprehensive review of the 
present status of knowledge regarding 
the disease which, taking the world as a 
whole, kills more people than any other 
one in the normal, regular course of 
events. The viewpoint throughout this 
great monograph is primarily biological 
rather than narrowly medical. It is a 
book which should find a place on the 
shelves of every general biological li- 
brary. 


AN APPROACH TO SOCIAL MEDI- 
CINE. 
By Francis Lee Dunham. 
The Williams & Wilkins Co. 

$4.00 6 x 9; 242 Baltimore 

A sane and somewhat philosophical 
guide to the social worker and especially 
to the worker in hospital social service. 
The student of any aspect of human bio- 
logy will find it well worth reading. 
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APHORISMEN ZUM HEILPROBLEM. 
(Moderne Biologie Heft 9.) 
By Prof. Dr. Hans Much. Curt Kabitzsch 
Rm. 2 73 X 5; 101 Leipzig 
This is a highly thoretical discussion of 
the biological nature of disease, its course, 
and its treatment. A new therapeutic 
agent, ‘‘Omnadin,’’ is discussed and 
temperature charts showing its action in 
fevers are given. From the rather vague 
statements given as to its composition 
omnadin seems comparable not to a shot- 
gun prescription, but to a whole flock of 


shot-guns. 


DAS FRAUENPROBLEM IN IDEAL- 
STAAT. Der Vergangenheit und der Zu- 
kunft. 
By Margaret Weinberg. Curt Kabitzsch 
7i x 5; vii + 85 Leipzig 
An ultrafeministic tract of uplifting 
tendencies. The most interesting feature 
of the book is the historical treatment of 
feminism from the time of Plato down to 
date. There is a bibliography of three 
pages and a full index. 


BIRTH CONTROL: FACTS AND RE- 
SPONSIBILITIES. A Symposium Dealing 
with this Important Subject from a Number 
of Angles. 
Edited by Adolf Meyer. Chapters by Adolf 
‘Meyer, Margaret Sanger, Raymond Pearl, 
E. A. Ross, E. M. East, C. A. Rubenstein, 
Herbert A. Miller, R. McC. Chapman, R. A. 
Spaeth, C. C. Littl, L. J. Cole, and 
Eleanor R. Wembridge. 
The Williams © Wilkins Co. 
$3.00 §5}x7};xiv-+157 Baltimore 
A treatise, of enormous respectability, 
on various aspects of birth control. It 
is made up of a number of separate and 
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quite unconnected essays by different 
persons, as indicated above. Probably 
the most significant essay in the volume is 
the last one, by Doctor Wembridge. 


THE HAPPY CHILD. 
By Dr. Henry L. K. Shaw (Editorial Ad- 
viser) and eight contributors 
Dodd, Mead & Co., Inc. 
$1.00 53 x 73; lx + 126 New York 
This is a book of excellent advice to 
young mothers, by eight persons of 
eminent standing in the social and medical 
fields. The period covered by the advice 
ranges roughly from birth up to school age. 


THE CONQUEST OF DISEASE. 
By David Masters. 
Dodd, Mead & Co., Inc. 
$2.50 xv +353 New York 
This is a treatise, in popular language 
and style, on the outstanding points in the 
historical development of preventive medi- 
cine and public health. It is much better 
written than most books of its type, and 
can be recommended to the lay reader. 
Secondary school teachers of science will 
find it very useful. 


DIE BIOLOGIE DES KRIEGES. Die 


Uceberwindung des Krieges. 
By G. F. Nicolai. Orell Fassli 
Fr. 25 (Bd. I and ID). Zarich 


I. 6 x 9; xx + 324; Il. 6} x 9; iv + 226 

A new edition, with an introduction by 
Romain Rolland, of a well-known book 
which got the author into serious trouble 
when it was first published during the 
war. It is an interesting and stimulating 
book which no student of human biology 


: 
i 
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can afford to neglect, whatever may be 
his opinion as to the soundness of the 
conclusions reached. 


ESSAYS IN PSYCHOPATHOLOGY. 
Nervous and Mental Disease Monograph 
Series No. 43. 
By William A. White. 
$2.50 &xogt;x+140 New York 
A collection of essays and book reviews 
by a distinguished psychiatrist. The 
fundamental viewpoint of the book is 
that in the first place, man is not separate 
and distinct from his fellows or from the 
other components of his environment, but 
that he is only a place where for the time 
being certain forces are nucleated, and that 
as these forces grow out of the environ- 
ment they resolve again into it; secondly, 
that so far as man is a container of energy 
he is not a closed but an open energy sys- 
tem, constantly deriving energy from the 
outside, constantly giving up energy to 
the outside; thirdly, that in considering 
man it may be useful to consider him in 
terms of energy rather than in terms of 
organs. These ideas can hardly be re- 
garded as particularly original, but they 
are developed in an interesting way by 


the distinguished author. 


GEBURTENRUCKGANG UND RAD- 
FAHREN. Ein Beitrag zum Problem des 
verscharften Geburtenruckgangs seit 1900. 
By J. Winkelbagen. 
Selbstverlag des Verfassers 
5% x 83; 50 Hamburg 
The secret is out at last! Many people 
have puzzled their heads over the cause, or 
causes, of the world-wide decline in the 
birth rate in recent years. It is all due to 
riding bicycles, which also has sad effects 
upon the mental and physical character- 
istics of the offspring of those who in- 
dulge in this dreadful form of locomotion. 
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ZOOLOGY 


ANATOMY AND PHYSIOLOGY OF 
THE HONEY BEE. 
By R. E. Snodgrass. 
McGraw-Hill Book Co., Inc. 
9t x 64;xv +327 New York 
This book is a model of what a biological 
text ought to be. In a masterly way the 
author brings together and digests all 
that is known about the anatomy and the 
physiology of the honey bee, with the 
accurate, critical touch of one who 
knows the subject deeply and widely. It 
is a great pity that there are not available 
more treatises of this sort for the common 
forms of animal life. 


FISHES OF THE GULF OF MAINE. 
Bulletin of the U. S. Bureau of Fisheries, 
Vol. XL, Part I. 
By Henry B. Bigelow and William W. Welsh. 
Government Printing Office 
$2.00 10} x 73; 567 Washington 
An excellent account of the taxonomy, 
with many ecological notes, of the fish 
fauna of the North Atlantic coastal 
region. A type of government publica- 
tion much to be commended. 


BRITISH BIRDS (Volume I). 
By Archibald Thorburn. 
Longmans, Green & Co. 
$5.50 6x9;xii +176 New York 
This is the first volume of a new edition, 
to be completed in four volumes, of 
Thorburn's well-known treatise on British 
birds. The feature of the work, of course, 
is the beautiful colored plates from the 
author's masterly paintings. Indeed, the 
plates may almost be said to constitute 
the work, for the text is trifling in 
amount. The original edition was ex- 
pensive. The present is a popular edition 
greatly reduced in price. The reproduc- 
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tion of the plates on the smaller scale has, 
on the whole, been extremely well done. 
They make a strong appeal artistically as 
well as scientifically. This volume deals 
with the Passeres and contains 48 of the 192 
colored plates which the whole work will 
include. It will be a useful addition to 
the library of any American bird lover. 


JUNGLE DAYS. 
By William Beebe. G. P. Putnam Sons 
$3.00 6}x9;v + 201 New York 
This latest addition to the author's list 
of popular books on natural history will 
be found just as fascinating and thrilling 
as its predecessors. The observations 
with which it deals center about the jungle 
laboratory at Kartabo. 


A LIST OF BRITISH APHIDES. Includ- 
ing Notes on Their Synonymy, Their Recorded 
Distribution and Food Plants in Britain, 
and a Food-Plant Index. 


By J. Davidson. 
Longmans, Green and Co, 
$4.50 5i x 83; xi + 176 London 
This is a thorough piece of taxonomic 
work, giving check lists of the aphid 
species of Great Britain, together with 
their important synonyms, their food 
plants, and their distribution. There are 
also lists of the genera and important 
synonyms; of the food plants upon which 
the Aphides in the first section have been 
recorded in Britain, together with the 
species of Aphides found on them; and, 
finally, a bibliography of 18 pages. 


INSECTS AND DISEASE OF MAN. 
By Carroll Fox. 
P. Blakiston's Son © Co. 
$4.00 6$x9};xii+349 Philadelphia 
This is a systematic textbook of medical 
entomology for students of medicine and 
public health. The flavor of the book 


throughout is taxonomic. It will fur- 
nish the student a sound grounding in this 
field. 


BOTANY 


BACTERIOLOGY. A Text Book on Funda- 
mentals. 
By Stanley Thomas. 
McGraw-Hill Book Co., Inc. 
$2.50 93x 6};xiili+201 New York 
This is an elementary general textbook 
on bacteriology for all kinds of under- 
graduate students, but it is especially 
directed towards the needs of the engi- 
neering student. It is a book which 
might well be recommended to the lay 
reader who wishes to gain, in short com- 
pass, a sound knowledge of the significance 
of modern bacteriology. It is clearly 
written and illustrated. Its greatest de- 
fect is that the references to the litera- 
ture are meager in number and special 
in character, and, therefore, not well de- 
signed to guide the general reader in his 
progress to further and wider knowledge. 


DICTIONARY OF BOTANICAL EQUIV- 
ALENTS. German-English, Dutch-English, 
Isalian-Englisb. 
By Ernst Artscwager; French-English, by 
Edwina M. Smiley. 
The Williams & Wilkins Co. 
$3.25 73 X 103 Baltimore 
A handy little dictionary of technical 
botanical terms in the languages specified 
in the title, which now appears in a 
second edition. 


GENERAL SYSTEMATIC BACTERI- 
OLOGY. History, Nomenclature, Groups of 
Bacteria. 
By R. Buchanan. 

The Williams @ Wilkins Co. 
Baltimore 


6x 95 400 
} This text-book is the first volume in a 


projected series of monographs in the 
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general field of systematic bacteriology. 
Of the three parts into which the book is 
divided, the first deals with the classifica- 
tion of the genera and higher groups of 
bacteria from an historical viewpoint, 
giving in detail the different schemes of 
classification which have been proposed 
in the period 1773 to 1922. The second 
part deals with biological codes of 
nomenclature and their application to the 
specific nomenclatorial problems of bac- 
-teriology. Finally, the bulk of the book 
is made up of an alphabetical list of the 
names which have been applied to groups 
of bacteria of higher rank than species— 
that is, genera and sub-genera—and their 
present nomenclatural status. The book 
closes with a bibliography covering 28 
pages and indices covering 37 pages. 
A solid, substantial reference work. 


BAKTERIOLYSE. Einsichten und Aus- 
sichten (Mit besonderer Berucksichtigung der 
Herelle- und Much-Lyse). Moderne Biol- 
ogie Heft 9. 
By Dr. Artur Haim. Curt Kabitzsch 
Rm. 2 73 x 5; 84 Leipzig 
A concise account of the phenomenon of 
lysis in bacteria which discusses, without 
reaching any final conclusions, the prob- 
able biological nature of the processes 
involved. There is a bibliography of 
13 titles. 


PHOTOSYNTHESIS. The Assimilation of 
Carbon by Green Plants. 
By Walter Stiles. 


$5.50 5i x 83; vii + 268 London 

This is a technical work of first rank, 
assembling and reviewing critically the 
present state of knowledge regarding 
photosynthesis in plants. It will natur- 


Longmans, Green & Co, 
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ally and necessarily find a place in every 
biological library which makes any claim 
to adequacy. 


MORPHOLOGY 


A TEXT BOOK OF VERTEBRATE 
EMBRYOLOGY. Treated from the com- 
parative standpoint. 
By Ruth L. Phillips. Lea and Febiger 
$3.50 8x 5};xii+ 302 Philadelphia 
A brief elementary text book, well 
illustrated, and put together with a good 
deal of pedagogical skill. The first third 
of the book is devoted to the early develop- 
ment, and the last two-thirds to the 
embryology of the different organ sys- 
tems. An excellent summary chapter of 
38 pages at the end brings out the signifi- 
cance of the evidence from vertebrate 
embryology for organic evolution. 


THE VERTEBRATE SKELETON FROM 
THE DEVELOPMENTAL STAND- 
POINT. 


By J. S. Kingsley. 
P. Blakiston’ s Son Co. 
$6.00 9}; viii +337 Philadelphia 
A ripe and authoritative treatise on 
comparative vertebrate osteology by a 
master in this field. There is a bibliog- 
raphy of 21 pages. Excellent indices 
close the work. 


AN INTRODUCTION TO THE FINER 
ANATOMY OF THE CENTRAL NER- 
VOUS SYSTEM BASED UPON THAT 
OF THE ALBINO RAT. 
By E. Horne Craigie. 
P. Blakiston’s Son Co. 
$3.00 6 x 84; 194 Philadelphia 
concise but adequate monograph on 
the anatomy of the central nervous system 
of that standard laboratory animal, the 
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albino rat. It is well illustrated with 
original drawings and carries a bibliog- 
raphy ten pages in length. Monographs 
of this type on standard laboratory ani- 
mals are extremely valuable additions to 
the literature. 


ETUDES SUR LES LEMURIENS. An- 
atomie comparée des fosses masales et de 
leurs annexes. 


By Max Kollmann and Louis Papin. 
Librairie Octave Doin 
12 francs 64 x 10; 61 Paris 


The fascicle of the Archives de Morphol- 
ogie Générale et Exptrimentale is a technical 
piece of research on the morphology of 
the nasal fossae in the Lemuridae. The 
most important conclusions reached are: 
First, that the nasal anatomy indicates 
that the Lemuridae are to be divided into 
two distinct groups, the Madagascan 
forms and the extra-Madagascan forms; 
and, second, that the nasal fossae of 
Lemuridae are constructed on a type 
absolutely distinct from that of this region 
in the primates, with the exception of 
Tarsius, which shows the characteristic 
relations secn in the monkey. The results 
bring new evidence supporting the conclu- 
sion that Tarsius is an important form in 
any consideration of the evolution of the 


primates. 


RECHERCHES ANATOMIQUES SUR 
L’APPAREIL GENITO-URINAIRE 
MALE DES SIRENIENS. 
By G. Petit. Librairie Octave Doin 
40francs 6x 10; iii + 326 Paris 
An extensive piece of original research 
on the male genito-urinary organs of the 
Sirenians. It constitutes Fascicle 23 of 
the Archives de Morphologie Géntrale et 
Expérimentale. There is a bibliography 
covering six pages. 


ALLGEMEINE VERGLEICHENDE 
FORMENLEHRE DER TIERE. 
By Eduard Jacobshagen. 
Dr. Werner Klinkbardt 

Geh. Mk. 19. 
Geb.Mk.21.50. 6}x10;viii+-258 Leipzig 

An excellent treatise on a subject now 
much neglected in the biological dis- 
cipline, general comparative morphology. 
The book is fully and well illustrated and 
contains a literature list of 202 titles. 
Translanted into English it would make a 
first-rate textbook of comparative mor- 
phology for American colleges and univer- 
sities. 


PHYSIOLOGY 


THE VITAL CAPACITY OF THE 
LUNGS. 
By J. A. Myers. 
The Williams © Wilkins Co, 

$3.25 6 x 9; 140 Baltimore 

An interesting, if not very critical, 
expression of the great revival of interest 
among Clinicians of the measurement of 
“vital capacity," by which is meant the 
number of cubic centimeters of air in a 
single expiration from the lungs. An 
excellent bibliography, covering 16 pages, 
is included. 


HUMAN PHYSIOLOGY. A Text-book 
for High Schools and Colleges. 


By Percy Goldthwait Stiles. 
W. B. Saunders Co, 
$2.25 8 x 53; 435 Philadelphia 


The fourth edition of a popular elemen- 
tary textbook. The book is reliable on 
technically physiological matters, but 
not always so on general biological points, 
as, for example, on page 408 where the 
statement regarding the hereditary in- 
fluence of alcohol is directly opposite to 
the mature conclusions of all the recent 
critical experimental work in the field. 
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NUTRITIONAL PHYSIOLOGY. 
By Percy Goldthwait Stiles. 
W. B. Saunders Co. 
$2.25 8 x $4; 307 Philadelphia 
The fourth edition of a well-known 
elementary text on nutrition. 


LE METABOLISME DE BASE EN 
PHYSIOLOGIE ET EN PATHOLOGIE. 
By Emile F. Terroine and Edgard Zunz. 
Les Presses Universitaires de France 
20 francs 6} x 9}; 187 Paris 
A very valuable summary of the present 
state of knowledge of basal metabolism, 
developed from the standpoint of physi- 
ology by the distinguished Professor of 
General Physiology in the University of 
Strasbourg, Doctor Terroine, and from the 
viewpoint of pathology by Doctor Zunz, 
the Professor of Therapeutics at Brus- 
sels. The book includes a bibliography of 
21 pages in length, and is highly to be 
recommended as an authoritative treat- 
ment of the subject. It is published in an 
interesting new series entitled Les Prob- 
lemes Biologiques, which is a collection of 
monographs appearing under the pa- 
tronage of the Technical Committee for 
Natural Sciences of the Presses Universi- 
taires de France. 


FOOD AND HEALTH. 
By R. H. A. Plimmer and Violet G. Plinsmer. 
Longmans, Green Co. 

$1.25 5 X 73; 64 London 
This is a concise treatise, in popular 
language and style, setting forth for the 
lay reader the present state of knowledge 
regarding the physiology of autrition. 
It is well written and illustrated and will 
form a valuable addition to secondary 
school and college biological libraries. 
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HEALTH AND ENVIRONMENT. 
By Leonard Hill and Argyll Campbell. 
Longmans, Green and Co, 

$4.20 8$x5%;xi+208 New York 
In this book is embodied, in rewritten 
and reédited form, the substance of three 
memoirs originally issued as reports of 
the Medical Research Council, having 
the titles: ‘“The Science of Ventilation and 
Open Air Treatment, Parts I and II,’’ and 
“The Kata-Thermometer in Studies of 
Body Heat and Efficiency.’’ These re- 
ports were of great interest and value to 
physiologists and it is advantageous to 
have the material now available in book 
form for wider circulation. The student 
of ecology will find this work extremely 


suggestive. 


BIOCHEMISTRY 


THE FATS. 
By J. B. Leathes and H. $. Raper. 
Longmans, Green and Co, 

$4.50 8%x5%;xi+208 New York 

A new edition of what is by common 
consent regarded as the authoritative 
treatise on the biochemistry of the fats. 
Considerable new material has been added 
and the extensive bibliography brought up 
to date. 


FUNDAMENTALS OF BIOCHEMIS- 
TRY. In Relation to Human Physiology. 


By T. R. Parsons. 
The Williams © Wilkins Co. 
$3.00 43x7};xii+295 Baltimore 


The second edition of what is one of the 
best of elementary treatises on biochemis- 
try for the student of general biology. 
The principal changes from the first edi- 
tion consist in the addition of a discussion 
of insulin, and a discussion of Werner's 
views regarding the constitution of urea. 
Brief, but well chosen, bibliographies 
follow each chapter. 
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PRACTICAL PHYSIOLOGICAL CHEM- 
ISTRY. 
By Sydney M. Cole. 
The Williams © Wilkins Co. 
$4.00 9x53; xvi + 405 Baltimore 
The sixth edition of a well-known 
laboratory manual. 


THE EFFECTS OF IONS IN COLLOIDAL 
SYSTEMS. 
By Dr. Leonor Michaelis. 
The Williams & Wilkins Co. 

$2.50 5 X 73; 108 Baltimore 

Contains the substance of lectures given 
in April and May 1924 by Professor 
Michaelis at various American universities 
on the following topics: Adsorption; 
electric phenomena produced by the 
adsorption of ions; the origin of the elec- 
tric double layers; the properties of char- 
coal; the connection between discharge, 
adsorption and flocculation; the so-called 
Donnan equilibrium; lyotropic effects of 
ions; mixtures of electrolytes. The book 
lacks an index, which seems a pity, and 
there are no specific, documented, biblio- 
graphical references. 


PHYSICAL CHEMISTRY. Its Bearing 
on Biology and Medicine. 


By J. C. Philip. 
Longmans, Green and Co. 
$2.80 7}x5}; viii +367 New York 
In this third edition of a well known 
elementary text the chief addition has been 
a discussion of hydrogen ion concentra- 
tion and buffer mixtures in the last chap- 
ter. Throughout the book the material 
has been brought up to date, with the 
addition of bibliographical references to 
recent works. This is one of the best of 
the numerous books dealing with physical 
chemistry from the viewpoint of the needs 
of the biologist. 


CHEMICAL DYNAMICS OF LIFE 
PHAENOMENA. 


By Otto Meyerbof. 
J. B. Lippincott Co, 


8} x 5}; 110 Philadelphia 
This book is made up of a series 
of lectures given in the spring of 1923 
at various American universities. The 
topics dealt with are: The physico-chemi- 
cal mechanism of cell respiration; autoxi- 
dations in the cell; chemical relations be- 
tween respiration and fermentation; the 
transformation of energy in muscle; the 
energetics of cell processes. A bibliogra- 
phy of 163 titles is appended. 


HANDBUCH DER BIOLOGISCHEN AR- 
BEITSMETHODEN. Lieferung 166. 
Fermentforschung. Containing following 
articles: Labfermente, by S. G. Hedin; 
Reindarstellung des Pepsins, by C. A. 
Pekelharing; Arginase und Urease, by Theo- 
dor Sabalitschka; Alkoboloxydase der Essig- 
bakterien, by Jakob Meisenheimer; Dar- 
stellung und Nachweis von Oxydasen und 
Katatasen pflanzlicher und tierischer Her- 
kunft. Methoden ibrer Anwendung, by Rob- 
ert Chodat; Indikatormethoden zum Nach- 
weis von Zelloxydationen, by Werner Lip- 
schitz; Reindarstellung der Katalasen, by 
H. v. Euler; Carbohydrasen-Proteasen und 
Peptasen, by Julius Wohlgemuth. 
Urban & Schwarzenberg 
M. 10.50 7 X 10; 260 Berlin 
The scope of this number of Abder- 
halden’s handbook is sufficiently indicated 
by the subtitles for the different parts. 


THE NATURE OF ENZYME ACTION. 
By Sir W. M. Bayliss. 
: Longmans, Green and Co. 

$3.25 6} x 9}; i-viii, 200 London 
This is the fifth edition of this book, 
which is published in the series of ‘‘Mono- 
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graphs on Biochemistry."" The chief 
additions and corrections in this edition 
relate to the methods of purification of 
enzymes and to the problem of equilibrium 
in heterogeneous catalysis. The book was 
put through the press during the lamented 
author's last illness. There is a bibli- 


ography of nearly 20 pages in length. 


LA CONCENTRATION EN IONS HY- 
DROGENE ET SA MESURE PAR LA 
METHODE ELECTROMETRIQUE. Ap- 
plication aux variations de IV équilibre acide- 
base du sang, a Vétat physiologique et a 
pathologique—action de colloides élec- 
triques en injection intraveineuse. 
By Maurice Vincent. 
Librairie Scientifique J]. Hermann 
50 cents. 6} X 10; 102 Paris 
A useful, concise treatise on the signifi- 
cance of hydrogen ion concentration in 
various biological matters, but with spe- 
cial reference to the acid-base equilibrium 
of the blood. There is a bibliography 
covering 13 pages. 


PHYSIOLOGICAL AND CLINICAL 
CHEMISTRY. 
By Wm. A. Pearson and Joseph S. Hepburn. 
Lea and Febiger 
$4.00 5$x8;xvi+ 306 Philadelphia 
A new textbook of physiological chem- 
istry for students of medicine. It is 
interleaved for notes and is intended to be 
used both for study and reference and as a 
laboratory guide. It works out in the 
end, however, to be essentially an ex- 
cellent laboratory outline. 


BIOMETRY 


HANDBUCH DER BIOLOGISCHEN AR- 
BEITSMETHODEN. Lieferung 165. 
Wabrscheinlichkeitsrechnung, Methoden der 
kleinsten Quadrate, Kollektivmasslebre. 
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By G. Polya, and Biometrik und Variations- 
statistik, by Paul Riebesell. 
Urban & Schwarzenberg, 
M. 6.60 7 X 10; 162 Berlin 
This number of Abderhalden’s Hand- 
book of Biological Technique deals in an 
elementary but, on the whole, sound way 
with the theory of probability and bio- 
metric technique. For American readers 
it possesses no advantage over other 
readily available textbooks in these sub- 
jects, but will probably serve a useful 
purpose in Germany. 


AN INTRODUCTION TO THE 
METHODS OF ECONOMIC STATIS- 
TICS. 

By William Leonard Crum and Alson Currie 
Patton. A. W. Shaw Co. 
$6.00 5} x 8}; xii + 493 Chicago 
Another textbook of statistical 
methods, in this case with special refer- 
ence to economic data. It covers about 
the same ground as other well known 
textbooks in the field, with rather more 
attention to the type of correlation which 
arises in connection with time series than 
is usually given. 


SEX 


THE INTERNAL SECRETIONS OF THE 
SEX GLANDS. The Problem of the Puberty 
Gland. 
By Alexander Lipschutz. 
The Williams & Wilkins Co. 
$6.00 8};xviii+ 507 Baltimore 
A general treatise on the endocrine 
physiology of the sex glands, based pri- 
marily on the author's personal researches, 
but reviewing generally from that point of 
view the literature in the field. The work 
is extensively illustrated, and furnishes 
long bibliographies of the original litera- 
ture, following each chapter. The sub- 
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jects treated are: Sexual dimorphism and 
the secondary sexual characters; the re- 
sults of castration; the internal secretions 
of the sexual glands; the seat of production 
of the internal secretion of the testicle; the 
seat of production of the internal secretion 
of the ovary; the sex specific action of the 
testicular and ovarian hormones; the ques- 
tion as to the isolation of the sexual horm- 
ones; the seminal vesicles and the prostate 
gland; intersexuality; eunuchoidism; sex- 
ual hormones and morphogenesis; the 
problem of rejuvenation. The distin- 
guished authority, Prof. F. H. A. Mar- 
shall, says in his introduction that ‘‘as a 
guide to the literature of a branch of 
endrocrinology that has grown rapidly in 
recent years the work should be of great 
value."’ It is well indexed. 


AN INTRODUCTION TO SEXUAL 
PHYSIOLOGY. 
By F. H. A. Marshall. 
Longmans, Green © Co, 

$2.75 53 x 83; xii + 167 London 

This books is intended to meet the needs 
of biological, medical and agricultural 
students for a more concise treatment of 
the subject of sexual physiology than that 
of the author’s well-known book, ‘The 
Physiology of Reproduction."’ It is com- 
pletely authoritative and admirably suited 
to fulfil this real need. 


SEX AT CHOICE. 
By Mrs. Monteith Erskine. 
G. P. Putnam's Sons 
$2.50 5x73; xxvi+ 187 New York 
This entertaining volume, written in a 
spirit of deep earnestness and high moral 
fervor, with a preface by the author's hus- 
band, who is a Member of Parliament, 
sets forth what the author firmly believes 


to be the true secret of controlling the sex 
of offspring at will. The theory has but 
one slight defect; it is not true. The 
thoughtful reader will find in it an inter- 
esting example of the well-known fact 
that meticulous honesty and sincerity are 
not the only requirements for a sound and 
successful scientific methodology. 


PUBERTE ET MATURITE SEXUELLE. 
(Etude bistologique et expérimentale.) 
By Ed. Retterer. Librairie Octave Doin 
10 francs 5i x 9; x + 208 Paris 
This is a record published in book form 
of a series of investigations by the author 
on the significance of the interstitial cells 
of the testis and ovary. The general con- 
clusion reached is that these cells play a 
very slight, if any, réle in the endocrine 
activity of these organs. 


REJUVENATION BY GRAFTING. 
By Serge Voronoff. . Adelphi Co. 
$6.00 5% x 82; 224 New York 
This is an English translation of 
Voronoff’s much discussed book, ‘‘Quar- 
ante-trois greffes du singe a l'homme.” 
The evidence offered falls a long way 
short of demonstrating that the grafting 
of anthropoid testicular tissue into men 
produced any real rejuvenation, or retarda- 
tion of senescence. 


UBER DEN INZEST. 
By Heinrich Tabben. Franz Deuticke 
3 Marks x7; vit g2 Leipxig 
A gruesome record of the case histories 
of persons convicted of incestuous prac- 
tices. It has the value of an original 
document for students of dysgenic and 
anti-social phenomena. 
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PSYCHOLOGY AND BEHAVIOR 


CHIMPANZEE INTELLIGENCE AND 
ITS VOCAL EXPRESSIONS. 
By R. M. Yerkes and Blanche W. Learned. 
The Williams & Wilkins Co, 
$3.50 5 X 733 157 Baltimore 
The senior author reviews in the first 
part of this book rather briefly some of the 
more outstanding results of his study of 
the mental traits of a pair of chimpanzees. 
The second part of the book gives in detail 
the reduction to musical notation of the 
various sounds emitted by these chimpan- 
zees in the course of their daily life. 
A bibliography of 12 titles closes the 
book, which would have been improved 
by the addition of an index. 


SOCIAL PSYCHOLOGY. . 
By Knight Dunlap. * 
, The Williams & Wilkins Co, 
$4.00 6 x 9; 261 Baltimore 
A well written treatise by a psycholo- 
gist of the first rank on the psychological 
factors or elements in social organizations 
of various sorts. The topics discussed 
are: The field of social psychology; sex 
differences; marriage and the family; 
religious organization; civic and martial 
organization; the condition of social prog- 
ress; the principles of social organizations; 
and propaganda. The book can be recom- 
mended as highly entertaining as well as 
soundly informative. 


ZUM GEGENWARTIGEN STAND DER 
LEHRE VON DEN REFLEXEN. 

By Dr. M. Minkowski. Orell Fiassli 
Fr. 4.50 6} x 93 (paper); 61 


This book constitutes the first number of 
a series of Newrologische und psychiatrische 
Abbandlungen under the general editorship 
of Professor von Monakow. It is a 
thorough-going review, with extensive 
bibliographical documentation, of the pres- 
ent state of knowledge regarding reflexes. 
A considerable section of the work deals 
with the interesting subject of the embry- 
onic development of reflex activity. 


ALMOST HUMAN. 
By Robert M. Yerkes. 
The Century Co. 
$3.00 54x 8}; xxi + 278 New York 
This book deals in the main with an 
account of the well-known colony of 
anthropoids established and maintained 
by Setiora Rosalia Abreu on her estate near 
Havana. At the same time it contributes 
a great deal, out of the author's wide 
fund of knowledge, to our understanding 
of the psychology of the primates below 
man. There is a biblicgraphy of 20 
titles, but no index. 


ANIMALS LOOKING INTO THE 
FUTURE 


By William A. Kepner. 
The Macmillan Co. 


54 x 8; ix + 197 New York 
This a valuable and important little 
book. It should be in every biological 
library. It presents in a thoroughly 
sound and, at the same time, entertaining 
manner, the established facts regarding 
the teleological element in the behavior of 
lower organisms. 
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